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NOTICES AND DIRECTIONS. 






Having printed this Text-Book with a slow pace (itl>eing four 
months in the press) I have had an opportunity to detect, and in- 
directly to correct, many errors. Now, having the whole before 
me, I can discover some defects running through the whole. A 
mere compiler (bavingbeen the compiler of several works, I speak 
experimentally,) I say, a mere compiler has, comparatively, a 
continued "play-day" of authorship. Though I have attempted 
the subject matter of this work five times before, under different 
titles, every attempt was almost an original effort, on account of 
the continued accession of facts, which I was bound to include. 
In this edition I have attempted a larger stride than heretofore.— 
The new facts collected in the last two years, since additional ex- 
perience has left me fewer excuses for error, and a thorough re- 
view of the most important localities, have enabled me to fill up 
more chasm and to demonstrate the order of superposition in 
more doubtful cases, than I have heretofore been enabled to do in 
the same period of time.* 

My first and most particular, request is ; that the reader erase 
the note at the bottom of page 17. I regret its publication ex- 
ceedingly. I wrote it under a degree of excitement, produced 
by the remarks of a friend ; and it was in print before I took 
time to reflect on the absurdity of introducing such remarks, 
however just, into a text-book for youth. 

*I have been long laying up materials for a full system of American Geology, 
which have filled seven blank books of the common quarto size. But, very unex- 
pectedly, I received notice from the publishers, that the last edition was sold out, 
and another was demanded. And I do not regret being driven to the publication 
of another concise edition. In truth, I do not believe I shall ever publish a 
larger ssy tem, nor that such a system is wanted. Europeans (as Cuvier, Buckland, 
Bakewell, De La Beche, &c.) give us all the theoretical views required. American 
geologists should collect materials, essential here, and arrange them in a dear 
simple manner for our pupils* I believe, that I shall, from time to time, digest and 
abridge portions of my collection of facts for the American Journal of Science. 
This will be doing justice to my patron and to the public. 
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NOTICES AND DIRECTIONS. 






Tbe articre'on Organized Remains was commenced without 
sufficient .bdoJf 9 . More books and better spec imens were obtained, 
after p4rt*pf the article was printed. In the descriptions of the 
plates^ *.&£ 'the end of the book, some corrections and additions are 
thertfforfe made, which must be considered as belonging to the 
article, which , commences at page 24. When these corrections 
were made, and most of the article was written, I had before me 
. -."Sowerby's 6 volumes, Parkinson, Brongniart's trilobites, Brong- 
.**»bi art's fossil vegetables, Goldfuss' 1st and 2d Numbers, Miller's 
\ Criooidea, all the articles on petrifactions published in Silli- 
man's Journal and the transactions of the Phil. Acad. Nat. Sci. 
and New York Lyceum. If I have published, as new, species 
which are not described in these works, I am excusable if thev 
are described in other works ; because I was unable to obtain any 
other books. Having ventured to enter the field of American or- 
ganized remains, with a view to discipline new troops for the war 
of rocks, I solicit the aid of better disciplinarians. I have not 
attempted any thing in the outer battle grounds. There Dr. Mor- 
ton has already subdued all opposing forces. Our ruined Chalk 
rocks furnished him with such a vast supply of munitions, that he 
was enabled to compel the surrender of the long contested sand- 
fields of Jersey. 

The five series of regular Carboniferous, Quartzose, and Cal- 
careous formations, which I proposed in my Geologieal Prodro- 
mes, published in the American Journal of Science in 1829, I 
now adopt without apology. It is founded in Nature, and must 
endure as long as rocks last. More than three fourths of the dis- 
tinguished geologists of America have expressed their convictions 
of its truth, and many distinguished foreigners have yielded their 
unqualified assent. Let the reader turn over the pages of Cony- 
beare, Bakewell, Brongniart, De La Beche, Ure, Woodward, 
and every other modern systematic writer, and he will find the 
Carboniferous, Quartzose, and Calcareous formations, under dif- 
ferent names, precisely as I have stated them to be. Nothing is 
required but conjoining all the Calcareous rocks, which are found 
in contact, under the name calcareous. The Carboniferous and 
Quartzose are readily found, when the Calcareous is defined. 
The third number of M. Brongniart's Vegetable fossils most em- 
phatically recognizes the four Carboniferous formations, above 
the primitive ; though It is probable, that he had never read, nor 
heard of, my Prodomus when he wrote that article. 
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Teachers will never succeed without specimens sufficient for 
illustrating the essential characters of all strata. Lay the whole 
suit on a long table or board, before giving the first lecture, in 
the order of superposition in which they are found in the earth. 
Define the classes and strata, and name them over, until all the 
specimens become familiar to the eye and their names to the 
ear. Question the students around frequently on the synopsis 
and essential parts of the definitions or cause them to give lectures 
or dissertations by turns ; each referring to specimens while 
answering or lecturing. Illustrate all parts of the Text-book 
with specimens, and familiar references. But students should not 
be confined to reading, to specimens, and to lectures, longer than 
ten days. They must then be shewn the nearest rocks, from 
day to day, and taught to apply the proper definitions and descrip 
tions. The Tertiary formation, the Diluvion, Analluvion, Post- 
diluvion, and whatever occurs near the lecture room or school, 
must be shewn them ; and they must carefully define every de- 
posit. 

The rambles of students must be extended as far as they can 
go and return the same day, and every thing carefully examined 
and described. Other subjects in Natural History (particularly 
Plants, Shells, and Insects) may be collected at the same time. 
Having become familiar with the nearest geological deposits, 
one extensive tour should be undertaken. After having taken 
five annual tours with students, varying the course every time 
more or less, I find the following to be the best and the most 
economical, for persons who study or reside, near any part of 
Hudson River. 

Geological tour. 1. From Hudson River to Connecticut River, 
across Columbia, Rensselaer, or Washington, county. Here the 
primitive and transition classes, and basaltic rocks, may be ad- 
vantageously studied. 2. From the Hudson River to Pucker- 
street on the top of the Helderberg by way of Bethlehem Ca- 
verns. Here the lower and upper secondaries may be studied. 
3. From Hudson River by way of the Hudson and Delaware 
canal and rail-road to Carbondale. Transition and upper sec- 
ondary, particularly the great coal formation, may be advantage- 
ously studied. 4. From the Hudson River, by way of South 
Amboy, New Jersey, to Middletown Academy. Here the ter- 
tiary formation may be studied, with the embraced Chloritic 
Chalk, or green-sand, of the Chalk formation. 5. Visit the trans- 
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ition limerock of Glenn's Falls, if convenient, and (hen the oolite 
of Saratoga. Here examine the Springs also. 

Students have made all these toars with bat thirty dollars ex- 
pense ; bat it requires rigid economy. All bat the Glenn's Falls 
tour have been made by several students of Rensselaer School, 
with but ordinary economy for thirty dollars. If every thing 
connected with Engineering, Botany, Mineralogy, Zoology, be 
attentively examined by students and explained by a teacher, the 
time (six weeks) and the money, are most profitably employed. — 
The number of students ought not to be under six, nor over 
twenty four. 

In addition to (he great advantages, which such tours afford to 
(he students (aking them, tbe cauee of (ruth in Science is thus pro- 
moted. No Science is so much obscured by tbe bold assertions 
of the ignorant pretender, as geology. Ignorance and impudence 
are often companions ; and readers are not always prepared to 
visit localities for the purpose of confirming truth or detecting 
falsehood. Honce the necessity of leading students to a series of 
localities, which afford sufficient objects for demonstrating every 
important principle of the Science. 

This edition is printed on writing paper, with broad margins 
for manuscript notes, to be made by the student. But notes should 
be made on other paper in the field, and carefully transcribed 
afterwards. References to the figures may be made in the 
margin, against the namqs of the organized remains. 

The geological map of the state is not to be bound in the book, 
because it would soon be destroyed in a travelling text-book ; 
but it is always to be sold at the same book-store, folded in a 
case. 

If the plan of this book would have admitted more extensive 
discussions, I should have taken in the investigations ofDrs. £. 
James and Z. Pitcher, also those of Lieutenants Mather and Day, 
of Adjunct Professors C. U. Shepherd, and of H. H. Eaton, Mr. 
R. Peter of Pittsburg, and of several others. By these I conld 
have shewn, that the Cornifcrous limerock, which is so widely ex- 
tended over the Western States and underlaying the coal hills of 
thnt district, is the same individual rock which underlays the coal 
beds of Cnrbondalc, Wilksbarro, &c. The great resemblance 
between the primitive rocks of Rocky Mountain, the Highlands 
of the Hudson and M'Comb's Mountains, could have been shewn 
also. They are rcmakably characterized, and distinguished from 
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the primitive rocks of New England and of most European districts, 
by their great proportion of hornblende rocks, and by the pres- 
ence of tabular spar, grains of interspersed serpentine, coccolite, 
colophonite, and masses ofdiallage. 

As books sufficient for the study of organized remains are ex- 
pensive, I will name all specimens, which collectors send me, ex- 
cepting Bivalve Molluscous relics. See p. 44 and 45. The fol- 
lowing are the conditions. 1. The specimens must be fair and 
perfect as possible, with pieces of the rock adhering. The col- 
lector keeps duplicates of all he sends, numbered as he numbers 
similar specimens presented to me ; and I will send him the names 
by letter, set in the letter against the numbers. 3. I must be at 
no expense for transportation nor letters ; for my burdens of this 
kind are already insupportable. 

AMOS EATON. 
Troy, N. Y., June 15, 1832. 



8 ERRATA. 

These corrections must be made with the pen, before the book 
is read. 

It is impossible to avoid errors in Scientific works, unjtil suf- 
ficient inducements are held out to encourage a due proportion 
of printers to study the elementary principles of the Sciences. 
Page 11, line at the bottom, change melting to meeting. 

15, line 3, Bunce — Bruce. 

16, line 8, Bronguiart — Brongniart. 
" 31, line 9 from the bottom, candatus — caudatus. 
" 31, line 4 from bottom, Selenourus — Selenurus. 
•' 35, line 10, seven — nine. 

36, line 23, second — first. In Margin write E. equicydus. 

37, line 18, 2d— 1st. 

38, line 2. turbirate — turbinate. 
" 42, line 8, lominae — laminae. 
" 44, line 24, carbosea — carbasea. 
** line 29, osthocera — orthocera. 

51, lines 1 and 2, suppo — supported — anim — animals. 
73, line 18, quantities. 

78, line 2, anhydrous. 

79, line 28, anasphaltic. 
84, line 24, Liasoi — Liasoid. 
86, line 3 from bottom, last word, antediluvians. 

•• 87, line 20, carbonate — carburet.. 

line 24, engiss — gneiss. 
" 88, line 3 from bottom, it, before iu. 
" 90, line 12, overloyed — overlayed. 

line 16, jury — Jura. 

line 3 from bottom, calcareous. 
" 94, line 3, (cherly) — (cherty.) 
11 96, line 2, Feriferous — Ferriferous. 

line 27, not, before quote. 

line 34, gigigantus — giganteus. 
" 102, line 8, fagmented — fragmented 
•■ 104, line 1, Aluminous. 

line 3, gallipot. Page 120, line 18- N. America. 

line 29, liquid. 
41 128, In the margin opposite to Pentacrinus fimbriates, write 
P. snbangularis, P, basaltiformis t Miller. Found in 3d gray- 
wacke (oolitic formation) in Seneca county, by Mr. W. H. Boyd, 
a student in this school. 
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PROGRESS OF 

The deep bed of the Hudson across the Highlands, which 
is chiefly hornblende rock, may, without extravagance 
be ascribed to the fusion by volcanic heat which produ- 
ced the basaltic Palisadoes below the chasm. The same 
hypothesis may be well applied to the channel of Con- 
necticut river, north of the northern line of Massachu- 
setts, whence the volcanic lava flowed which now forms 
a series of basaltic prominences from Vermont to Long 
Island Sound. Hence one important part of Physical 
Geography may be explained by a reference to disinte- 
gration, decomposition, volcanic action, and other geo- 
logical agencies. 

CONCISE HISTORY OF GENERAL GEOLOGY. 

The name geology was originally applied to visions, 
which floated in the fancies of men, respecting the ori- 
ginal productions of the earth. No facts were adduced 
in proof of hypothesis, excepting the few which presen- 
ted themselves to, or rather enforced themselves upon>> 
the tenses, without the labor of research. Possibility, 
without even the shadow of probability % seems to have 
been received as conclusive evidence. 

We are indebted to the Germans for geology as a 
science. Lehman first published the fortunate sugges- 
tion, which elevated geology to the dignity of a science. 
He first called the attention of the learned to a view of 
creative intelligence in the systematic arrangement of 
the solid contents of the apparently amorphous earth. 
The illustrious Werner improved upon the thought. 
Through a long life, by uniting study, theory and prac- 
tice, and directing all the energies of his mind to a single 
object, he gave character and great interest to this de- 
partment of nature. He led his numerous pupils into 
the hitherto dark regions of the earth, which his mighty 
genius had then illuminated. Though he was somewhat 
bewildered by the mazes of fancy and yielded too far to 
the visionary theories of his time, his classification of 
facts must ever form the basis of all future geological 
enquiries. 

Saussure, De Luc, Humboldt, Kirwan, Jameson, 
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and others, improved upon Werner by the aid of addi- 
tional facts. These facts Werner lived to apply as cor- 
rectives of his early mistakes, and to fill up the chasms 
in his own discoveries. He closed his long life in the 
fall splendor of his scientific glory, in the same year 
(1817) in which we began to make our humble efforts 
in the application of his views to American earth. 

Hutton had done much in the lifetime of Werner. But 
his theoretical views were at variance with those of 
Werner ; and much overheated controversy existed be- 
tween their respective pupils. Werner ascribed most 
geological phenomena to the agency of water, while 
Hutton referred the same to the action of internal heat. 
Hutton died in an unhappy state of mind, at a time, when 
his views were almost universally rejected; but 
Werner died amidst the universal plaudits of his favor- 
ite views. Scarcely had the earth, wbich he had stud- 
ied with such interest and applause, received his manes 
when his theory was reviewed, and began to be recei- 
ved with less approbation. 

At length the illustrious Cuvier came before us* He 
balanced the two theories with a giant hand. He dem- 
onstrated the Huttonian theory in its application to many 
phenomena ; but left much to be explained upon the 
Wernerian. He relied solely on well established facts, 
and proceeded cautiously in his theoretical views. 
Bakewell, Brongniart, M'Clure, M'Culloch, Green- 
ough, Phillips, Conybeare, with numerous others, con- 
stituting a brilliant constellation of resplendent lumina- 
ries, now began to enlighten both subterranean hemis- 
pheres ; while the very exterior surface of the earth 
was scarcely considered. 

Such was the general state of geological science at the 
close of the first score of years in the present century. 
Since that time Buckland, aided by the veteran Cuvier, 
has commanded the whole geological phalanx to leave 
for a while the deep abodes of rocks, and to examine 
" the open caverns and the furrowed earth.' 1 He has 
led out before us, from the cave of Kirkdale, the ante- 
diluvial elephant, chased and gnawed by hundreds of 
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hyenas* who bad dragged il tn, peacemeal, through t 
comparatively nieete aperture. He has shewn at the 
torrid abodes of the riter horse and the elephaatfte bate 
been, in (be lalitades of Catatonia aad Scythta* The 
deluge ao longer rests e» the authority of written m« 
dance. Ha points to records as durable aa the earth, 
and far less changeable. Theatedy of organised beings 
h^a ) coas«qQ€QUy > be«oinethemQsAeiaaQU^qaah6eaJb , on 
for the study ef geology ; for their relics are lb* iadeli* 
ble records ef truth, sa*ceptible>f no iaterpolafoa*. 

But ia the midst of these sftadid diseoveriea, which 
overwhelm the strongest iawgia&two with wonder and 
amazement* same reformation: seems te be requited, 
eve* weeg those rechs where Lehmen aadi Wetaer 
began their labors. This humble task has occupied 
many a weary hoar of the author ef kbit: attempt at 
getting the youag mind int the sludjy «f aatoe's eatUeal 
tefars. 

PROGRESS OF AMERICAN GEOLOGY. 

44 By what authority does thm mikes attempt to teach 
m," it* mental question at least,, whenever we open a 
book, professing to. eommNnutate iestruottenv If the 
author gives us do answer in his preface* we accuse 
X*w>tf preemption, If he gives as his reason* for ber 
lieviog himself qualified to> teach as, we accuse hint of 
egotitm. \ shall choose the accusation of egotjfca* ; aad 
shall tttvit it, fosome weesqre* by confining my vitove 
of the progress of American geology to thai* field ifc 
which I havebeee a continual laborer.. \ behave it 
will be conceded^ that \ have devoted more time and la* 
bor to American geology than any ie&viduel* and ante* 
the aaosl favorable auspices— I mean through the patro- 
nage aod munificence of General Stephen Ye* Keeese-* 
laer* 

The prognen of geology i* Jfawmcavuiybe divided imio 
imp eras, First* McClure's wrvcyBJb* establidifag our 
Geographical Geology.. Second,. Van Renmlaerfs sur- 
vey* for establishing our Stratiographical Geology* 

AJ^MhehegiqAiog of tbU century, Dx. MiteheH o£ 
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N» York, begin to instruct his classes* Kirwan's vicfws 
ef Geology, occasionally illustrating them wtth foreign 
and American specimens. Dr. Baece took a part in it, 
a* appears by bis journal. Very little progress |was 
made in the science, however) lor want of a connected 
aeries of observations. The science of geology can nev- 
er succeed in any country, until transverse survey* are 
taken across extensive districts. 

Fir$t era of American Geolcgy-^McClmre's turvtyifor 
*9tMi*hing our Geographical Geology, 
McClere did not attempt a classification of Amercan 
rocks. In his treatise he published the Wernerean 
names, bat dad not attempt a detailed application to our 
strata. His geographical view of the Primitive, Trans- 
ition, nod Secondary, classes of Werner, in the United 
States, has been shown, by future examinations, to be 
*stomiski*gly correct ; when we contemplate the magat- 
tnde and extent of the undertaking. 

McClare's labors were Allowed by numerous attempts, 
jet descriptions of limited formations ; which appeared 
in the transactions of societies and temporary journals. 
For want of a connected series of observations, compar- 
ing strata and noting their order of superposition, most 
«f those descriptions and essays were err on eou sl y refer- 
red to the Wernerean system. 

.After the arrival of the splendid cabinet of Colonel 
George Oibbs, which was loaned to Yale College, Prof. 
SiHiman gave has annual course in that cabinet to the 
students of that institution. Want of time prevented his 
making extensive comparisons with the specimens of the 
•cabinet, tor the purpose of applying Wernerean names 
at our rocks, during several of the first years of his lec- 
tures. His investigations of this kind were mostly limi- 
ted to Connecticut, Rhode Island, and Massachusetts. 
Students, in their returns after vacations, brought him 
Tock specimens from various parts of the continent, West 
India islands, &c.f But every experienced geologist 
knows, that specimens collected in localities, between 
which no connexion has been traced, afford but little aid 
towards ascertaining the order of superposition. 
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Having previously examined the Highlands on the 
Hudson, Catsktll Mountains, Green Mountains in New 
England, &c. by the aid of Kirwan's descriptions, I put 
myself under the directien of Prof. Silliman, in the year 
1816. I attended two of his courses of lectures in Min- 
eralogy and Geology in Gibb's cabinet, and a course on 
Chemistry. In his lectures he illustrated the Wernere- 
an system, as improved by Cuvier, Brongaiart, Bake- 
well, and others, with the aid of foreign specimens-- oc- 
casionally introducing such collateral specimens from 
our own rocks, as he had examined in place with suffi- 
cient care. But his American specimens were chiefly 
Primitive, Basaltic, and Tertiary (though the latter name 
had not then been introduced.) 

Having received an invitation to aid in the introduction 
of the Natural Sciences at Williams College in Mass., I 
commenced a course of lectures at that institution, in 
March, 1817. Prof. Silliman had furnished me with an 
outfit of the most important specimens, which, added to 
my own collection, and a collection made by Prof. 
Dewey of Williams College, I was enabled to commence 
my course of instruction to good advantage, considering 
the low state of the Science in this country. Such was 
the zeal at this institution, that an uncontrolable enthu- 
siasm for Natural History, took possession of every 
mind ; and other departments of learning were, for a 
time, crowded out of College. The College authorities 
allowed twelve students each day (72 per week) to de- 
vote their whole time to the collection of minerals, plants, 
&c. in lieu of all other exercises. Several members of 
the institution, who commenced their studies at this pe- 
riod, became eminent Geologists, Mineralogists, and 
Botanists. Professors Dewey and Emmons, were, of the 
number. 

At their return after the spring vacation, students put 
me in possession of numerous specimens of almost every 
rock'in Massachusetts and the adjacent parts of Vermont, 
N. Hampshire, and N. York, accompanied with written 
descriptions of their localities and some of their associa- 
tions. With the aid of these specimens, and two tours 



AMERICAN GEOLOGY. 17 

which I made from Boston across Massachusetts and the 
east part of N. York as far as Susquehanna River, I 
made the first attempt at a systematic [arrangement of 
American rock strata. I followed the Wemerian} ar- 
rangement, as improved by Bakewell and illustrated by 
Silliman, as nearly as possible. But I could not satisfy 
myself of the existence of Werner's granite, excepting 
as an alternating layer or vein in gneiss or hornblende 
rock ; though I introduced it on foreign authorities. 
Our argillite could not be arranged according to Werner ; 
but BakewelTs opinion seemed to clear up the difficulty 
in some measure. The limits of transition rocks were 
not well defined, and the secondary were not under- 
stood. With these, and numerous other imperfections 
and some visionary conjectures, I published my imper- 
fect classification of American rocks in a pamphlet of 41 
pages, under the title, " An index to the geology of the 
Northern States of America." It was accompanied with 
a rough leaden plate, exhibiting a transverse section, of 
the rocks from the Atlantic ocean to Susquehanna River. 
The friendly reception which this coarsely execu- 
ted pamphlet met, was truly gratifying ; and proved 
that the undertaking was well-timed. It was honored 
as the battle ground, whereon the devotees met to con- 
tend in the warfare of the science, with zeal and good 
feelings. It is a curious fact, that, notwithstanding the 
diversity of opinion which existed among American ge- 
ologists on numerous points of enquiry, no collision of 
feeling, not a word, not a thought, has ever appeared 
among them, calculated to disturb the harmony neces- 
sary to* the progress^of the science. Foreigners * too 
have held out the hand and tendered us their friendly 
aid to guide our tottering steps. 

* I would except the few foreigners (self-styled geologists ) who have ( h, 3 U. oaJU« 
come among us, and have endeavored to excite feuds, without success. . 
These came to this country totally ignorant of the science; but having ". fi^A ffow V« 
caught a mere smattering from our geologists, they began to ''hail v 

from Europe" as wonders there. As such they obtained admittance ' * 

for their scurrility in some of our journals "of easy virtue;" though 
no distinguished European geologist will acknowledge them, or ever- 
heard of them as geologists. "" 

3 * 
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Soon after 1 had published the pamphlet alluded to, 
Prof. Silliman issued the first Dumber of his American 
Journal of Science. His notice, of my attempt to col- 
lect and generalize geological facts in this country, 
seemed to be very acceptable ; for about eight hundred 
copies were retailed in sixteen months. Another edition 
was published in the winter of 1820, in a duodecimo 
form, under the immediate direction of the Troy Lyce- 
um of Natural history. 

In April 1818, I went to Albany on the special invi- 
tation of Gov. De Witt Clinton. He headed a subscrip- 
tion with his name for a course of lectures on Natural 
History, to be given by me in Albany ; and Dr. James 
had procured the signatures of many principal citizens, 
before I arrived. In Albany I found Dr. T. Romeyn 
Beck, and in Troy, Doctors Burrett, Bobbins, and Hale, 
zealous beyond description in the cause of Natural Sci- 
ence. By the exertions of these gentlemen a taste for 
the study of Nature was strongly excited in these two 
cities ; especially for that of geology, They, together 
with several others, had become members of the New 
York Lyceum of Natural History ; and in the fall of 
1818, established a society of the same name and upon 
a similar plan, in Troy. Collections were made with 
such zeal, that in the course of a few months Troy 
could boast of a more extensive collection of American 
geological specimens, than Yale College, or any other 
institution on this continent. In the winter of 1819, 
through the exertions of Dr. Beck, seconded by Gov. 
Clinton, the Hon. Simeon De Witt, and the Hon. Saml. 
Young, I was employed in giving a course of lectures 
on Geology and Chemistry with their applications to ag- 
riculture, before the members of the legislature, in the 
rooms of the Society of Arts in the Capitol. This event 
gave me an opportunity to attempt a general diffusion of 
a taste for these subjects throughout the state. In truth 
a thirst for the Natural Sciences seemed already to per- 
vade the United States, like the progress of an epi- 
demic. 

Though 1 introduced into the second edition of the 
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" Index to tha Geology of the Northern States, 1 ' many 
improvements, it was still very deficient in the secon- 
dary class ; and the Tertiary was unknown. Hayden'a 
treatise, and Schoolcraft's travels, contained a collection 
of facts, sufficient to elucidate the tertiary and diluvial 
formations ; hut the present views of these subjects had 
not then been taken. In this edition I introduced a 
translation of the Linnean descriptions of organized re- 
mains, as improved by Martin. Le Sueur having la- 
belled a small cpllection, chiefly from the Helderberg 
in Albany county, we were enabled to make some pro- 
gress in that department of geology. It will not he con- 
sistent with (he design of this article to acknowledge all 
the sources from which I derived the materials employ- 
ed in making up my views of American Geology at that 
time. The contributions made to the two first volumes 
of the American Journal of Science were, all consulted 
ia preparing the 2d edition of the Geological Index. 

Second era of American geology — Van Rensselaer's sur- 
veys for establishing our Stratiographical Geology. 

I consider 1820 the closing year of the first era, and 
the comencement of the second. Numerous insulated 
facts had been collected and some progress made in the 
Stratiographical geology of the New England States ; 
but no attempt had been made at a general arrangement 
of the secondary strata of the state of New York, or 
any of the western states. 

It is a curious fact, that every western stratum in 
New York had been misnamed in the published accounts 
of them. A ridge on the south side of Lake Ontario, 
which is the outcropping edge of a red sand-rock, thinly 
covered] with detritus, had been treated as post-diluvi- 
on, washed up by the Lake. This was adduced as a 
record of the once elevated surface of the lake. In 
truth, every thing that had been" done relating to our 
Western geology, was calculated to mislead. 

In the summer of 1820, Dr. T. Romeyn Beck of 
Albany {who has done enough for science to elevate, 
high in the scale of fame, a dozen ordinary men) laid 
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before the Hon. Stephen Van Rensselaer, a plan for 
investigating the geology of North America. By atten- 
ding to the north and sooth ranges of our rock strata, it 
appeared manifest, that a transverse section from the 
Atlantic Ocean near Boston, to Lake Erie, would, prob- 
ably embrace every important formation. No act could 
have been more disinterested. For though he was him- 
self devoted to the science, and his younger brother 
had made considerable progress in it, he reserved noth- 
ing for himself or his particular friends ; but proposed 
that the superintendence of the undertaking should be 
placed under the direction of whoever had been most 
conversant with such investigations. The plan pursued 
at the expense of Mr. Van Rensselaer, was the follow- 
ing. 

A particular survey was taken of the two counties ly- 
ing in the direction of the Erie Canal in the state of New 
York, adjoining the west line of Massachusetts — to wit, 
Rensselaer and Albany counties. The most necessary 
experience was thus afforded for qualifying the superin- 
tendent for entering upon a survey of the Erie Canal 
line. These surveys were commenced in the summer 
of 1820 and pursued with great diligence through four 
summers ; and at least one tour, (and often four, five, 
and more) along the line has been made by tbe superin- 
tendent every year until 1830 inclusive. In January, 
182 4, a report was made to the Patron, accompanied by 
a profile view of the rock strata from the Atlantic to 
Lake Erie ; a distance east and west of between five 
and six hundred miles — also a profile section extending 
from near the west line of Massachusetts to the Atlantic, 
drawn and explained by Prof. E. Hitchcock. The re- 
port and both views were published by the Patron. The 
report occupied 163 octavo pages. .. It being the first, 
and only, attempt at such an extensive survey of this 
kind, hitherto made in any country, it excited consider- 
able expectation.. As it has been fully before the pub- 
lic for eight years, its character for accuracy is probably 
settled. 

Since the first report was published, numerous reviews 
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and corrections have been made, and numerous other 
surveys taken at the expense of the same Patron. Upon 
these surveys (which have occupied a greater or less 
portion of eleven summers) added to the previous ob- 
servations of five years, the principles adopted in this 
text-book, are chiefly founded. Many of them are con- 
firmed by the labors of others ; most of which may be 
found in the Am. Jour. Sci. These and others will be 
included in the Alphabetical arrangement of localities in 
the last part of this book ; where 1 hope to do justice by 
careful references. For I most cordially adopt the sen- 
timents of Cuvier, which are thus expressed : " No; 
property should be held more sacred, than the concep- 
tions of the mind. The practice of covering plagiarisms 
under a change of names, has always appeared to me to 
be, highly criminal." 

As the preceding recital of those facts, which have 
had an influence on the progress of geology in this coun- 
try, brings the subject within the recollections of the 
present race of young geologists ; I shall not detain the 
reader with an account of the rapid strides, which the 
Science is now taking. Cuvier, Buckland, Brongniart, 
Bakewell, and other giant veterans, are still in the field ; 
while an army of young invincibles are bringing up the 
rear, who seem to threaten ignorance and charletanism 
with total extermination. 

The application of the labors of foreign geologists 
who were in the field before us, has occupied most of 
our time and attention. And we have been rewarded by 
finding equivalents for almost the whole of their well de- 
fined strata. We have often been misled by the opin- 
ions their lazy theorists, who preferred the well-turned 
periods of the closet to laborious research. And the 
limited extent of some strata, especially in England, has 
misled their most diligent enquirers, and, consequently, 
has embarrassed us. 

It will be in accordance with the object of this article, 
to refer to some of the discoveries made be the agents 
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of the Hod. Stephen Van Rensselaer, which were not 
observed by foreign geologists. 

1. That each of their own classes, as well as ours, is 
always commenced with carboniferous slate, and termi- 
nated with calcareous rocks ; having a middle forma- 
tion, whose center is quartzose. 

2. The discovery of a Ferriferous stratum, contain- 
ing the argillaceous iron ore, both compact and lenticu- 
lar. In Europe, this had been observed in Very limited 
beds — here we find it in a stratum more than two hundred 
miles in length. It extends, unbroken, from near Utica 
to the extreme termination of Lake Ontario, in Upper 
Canada. 

3. That bog-ore, proper, belongs to the tertiary for- 
mation ; and that it is, in greater or less quantities, co- 
extensive with the Marly clay (London clay) and Ma- 
rine sand. 

4. That talcose slate is the grand repository of he- 
matitic iron ore, per-oxyd of manganese, and of gold in 
nearly a pure state. 

5. That the Corniferous limerock is the true carbonif- 
erous, only. And that it is separated from the Metalif- 
erous, or upper transition, in some localities, and rests 
upon it in others. But that it is always totally distinct ; 
both on account of embraced organic remains, and its 
relative superposition, when the lower secondary strata 
are all present. 

6. That crystalline granite (granite proper) is not en- 
titled to a place among general strata ; as it is never 
found, other than as a bed or vein, where we have an 
opportunity to examine it extensively. 

7. That granular quartz and granular limerock are 
entitled to a place among general strata ; as we have 
traced them, unbroken, more than five hundred miles. 

8. That all primitive rocks, excepting granular quartz 
and limerocks, are cotemporaneous ; for they alternate 
continually, by their entire masses, through a breadth of 
one hundred and twenty, and a length of more than four 
hundred, miles. We have considerable evidence of 
their extension from Hudson's Bay to the Carolinas. 
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9. That there is evidence of a diluvial stratum having 
been deposited near the termination of the deluge, which 
formed an universal mantle about the earth. And that 
it is still manifest on elevated plains, which have not 
been since changed by strong currents, nor deprived of 
their ancient forest trees. 

I close this article by advising those students, who 
have graduated at this school, to read the American 
Journal of Science, as the numbers appear* It is truly 
the Journal of Science. In it we find a record of the 
daily progress of scientific knowledge in every part of 
the world. All its volumes taken together, exhibit the 
progress of science in this country from infancy to man- 
hood. The American editions of Bakewell, Cuvier, and 
De La Bache, are not expensive, and ought to be read 
attentively. 
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A6 AUXILIARIES IN THE DETERMINATION O* ROCK 

STRATA. 

• 

The remains of similar species of animals and plants 
are found embraced in similar series of rocks ; and 
these occurrences are so uniform, that rocky and earthy 
ttfata may be determined by them. The animals Werte 
mostly of yery simple structure, without brains) as 
oysters and corals. The plants were mostly destitute 
of blossoms ; as grasses and ferns. The latter indicate 
coal deposits* only. 

As the remains or impressions of plants* are limited 
to coal and coal-formations, whose relative position is 
indicated by their rocky associations ; the determination 
of rocks by their animal relics, Serves as an index to 
the position of coal measures or beds. In this concise 
selection of the most essential relics, amimate al&te will 
be noticed, which have no back-bones not brains. 

Animals of all classes are found in a state of preser- 
vation, which the geologist may have occasion to Con- 
sider ; consequently a geologist ought to be a zoologist. 
A concise view of the general principles of Classifica- 
tion will therefore precede a description of the species 
of invertebrated animals, selected for this te*t*book< 

Animals are either Vertebral) hiving bftck-bdneS feftd 
brains ; or Invertebral, without back-bonds and brain*. 

FIRST GRAND DIVISION IS VERTEBRAL. 

L VERTEBRATA. Hating back-b6nes and brains. 
These are distributed into four Classes. Class 1.— - 
MammaUAj viviparous, food of the youWj btint) the Ht&tk 
of the dam* Ex. Bimatti) (two-haHded) man. Qtidtl- 
rimorui, (four handed) as ape. Carn&riti, (defth eaters) 
as bat, hedge-hog, mole * bear, weasel, dog$ Cat. Jfo>- 
supialia, (pouch animals) as opossum, pouched rfct.-**- 
Rodentia, (gnawers) as squirrel, mouse, beat**. Eien- 

* Sec figure^ tad rfcfrrentaB to names, at the end. 

4 
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tata, (without fore teeth) as armadillo. Pachydermia, 
(thick-skins) as elephant, hog, horse. Ruminantia, 
(cud-chewers) as camel, deer, sheep, ox. Cetacea, 
(whale-like) as porpoise, whale. 2d Class, Aves, 
oviparous, and hatched by the dam. Ex. Accipitres, 
(hawk-like) as vulture, owl, hawk. Passerina, (spar- 
row-like) as lark, robin, swallow, crow. Scansoria, 
(climbers) as parrot, woodpecker. GalHnacea, (hen- 
like) as peacock, partridge, pigeon, hen, turkey. — 
Grallatoria, (long legs) as ostrich, crane, heron. Pal- 
mipedes, (palm footed) as duck, goose, pelican. 3d 
Class, Reptilia, mostly oviparous, without being hatched 
by the dam, cold-blooded and amphibious. Ex. Chelonia, 
(tortoise-like) as common turtle or tortoise. Sauna, 
(lizard-like) as crocodile, chamelion. Ophidia, (ser- 
pent-like) as striped snake, rattle-snake. Batrachia, 
(frog-like) as toad, bull-frog, salamander, proteus, siren. 
4th Class, Pisces, (fish) oviparous, without being hatch- 
ed by the dam, having fins and scales. Ex. Bony fishes, 
as shad, pike, common eel. Cartilaginous fishes, as 
sturgeon, shark, saw-fish, torpedo, ray, lamprey eel. — 
Fish hare been observed in North America, in green- 
sand, marly slate, and bituminous shale. 

THE THREE REMAINING GRAND DIVIS- 
IONS ARE INVERTEBRAL. 

II. MOLLUSCA. Having no skeleton, but the 
muscles are attached to a soft, contractile skin, as the 
slug (naked snail). Many species have stoney plates 
for covering, called the shell, as oyster, clam. Shells 
are in one piece, called univalve — in two pieces, called 
bivalve-— or in more than two pieces called multivalve. 

III. ARTICULATA. Having the tegument of the 
abdomen in jointed rings. The animals are, Crustacea, 
covered with a crust ; as lobster, trilobus, crab — Arach- 
nides, spider-like ; as spiders, grey-beards — Insecta, 
proper insect, as wasp, locust, ant — AsmeHdes, jointed 
worms, as leach, shell-worm. 

IV. RADIATA. Having the organs of sense and 
motion disposed like rays around a centre. The ani- 
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mals are Eckinodemata, (prickly skin) as star fish, 
sea urchin, wheel-whirls — Polypi, (zoophytic or ani- 
mal plants) as the occupants of various corals, &c. 

Remarks. References are frequently made by geolo- 
gists, to the remains of animals in all the four grand 
divisions ; but for the mere determination of strata, I 
propose about 60 or 70 species of organized remains, 
selected from the following families. 

1. From the Mollusca, the Nautilite, chamber conks ; 
and Helicite, snails. 2. From the Articulata, the Tri- 
lobite, paradoxes. 3. From the Radiata, the Crinoid- 
ite, wheel-whirls ; Cyathophyllite, stone horns ; Mad- 
reporite, tree corals ; Tubiporite, column corals ; Fun- 
gite, mushroom corals; Gorgonite, fan corals; Rete* 
porite, net corals. 

•FROM THE MOLLUSC A. 

The Nautilite Family embraces univalve molluscous 
animals, whose shells are divided into chambers by 
transverse partitions. When the shells are in coils, 
they are called Nautilus, Argonaut, Ammonites, Belle- 
rophon, &c. : When straight, they are called Orthocera, 
Belemnus, &c. 

Genus Nautilus. Shell univalve, divided into 
chambers or cells by transverse partitions ; the cham- 
bers are connected by circular windows, or apertures, 
called siphunculi. 

N. imperialis, involute, umbilicate; aperture lunu- 
late ; partitions entire, concave, and in undulations 
broadest in the middle : umbilicus open. Best known 
by the centre of its coil being open. Found in the 
marly clay of New-Jersey, and in the same stratum in 
Highgate, England. I have an outside specimen, and 

* About 1200 species of organized remains are now proposed for 
preparing students for the study of geology. Fair trial will decide, 
whether my assertion is correct — " Iobs than 100 species are sufficient 
for the geologist; though the general naturalist should not content him- 
self with that number." American geologists are called on to. decide ; 
keeping in view American strata only. I am willing to stand commit- 
ted in the affirmative. But being limited, in this edition, wholly to spe- 
cimens observed in situ by myself, and being liable to some displace- 
ments, I solicit corrections and aid. 
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an interior casting of green sand, which I found em* 
braced in New-Jersey marly clay. 

Genus Bellerophon,* Montfort. Univalve, invtn 
lute and sub-spherical ; aperture arched, terminated by 
the extremities of the transverse columella, (axis) and 
furnished with a sinus in the centre of its outer edge- 
as the aperture is rarely manifest, other characters must 
be considered — the body, like the argonaut, did not ex- 
tend to the inner side of the spire ; hence transverse 
partitions were limited to near the aperture — impres- 
sions of the transverse partitions are rarely manifest » 
outer whorl very thick. 

B. vohtusfi mihi, (scroll trumpet) coils about two, 
compact or closed, with the apex ascending, or elevated 
above the plane of the upper side, resembling the scroll 
of the architect ; the whole presenting an oblong form. 
The inner casting is common in shell grit, lying on the 
cherty limerock, in Helderburg, one mile east of Puck- 
er-street. 

B. convolutus, mihi, (spiral trumpet) coils about two, 
compact or closed, with the apex nearly in the plane of 
the upper surface ; the whole presenting a circular form. 
Found with the preceding, but not so common. 

B. cornu-arietis, Sowerby, (stone ram-horn) coil be- 
tween one and two, open and the coils not touching 
each other. Found with the preceding, but rare. 

Genus OrthockraJ; (straight stone-horn). Uni- 
valve, straight or nearly so, transversely marked with 

• Tfau was the name of a famous conqueror by sea and land, accord- 
ing to ancient Mythology. Among other achievements, he captured a 
boat from a pirate, which he afterwards navigated. It resembled the 
celebrated boat Argonaut, from which the genua Argonaut was named, 
on account of the form of the shell— so this petrifaction was named 
Bellerophon, for a similar reason. 

*t I give descriptive names to this species and the next, because they 
are not described in Sowerby, nor in any books in my possession. If 
they have been described, let my names be used as descriptive adjec- 
tives. 

X This name is a contrast of Cornu- Ammonia, (horn of Jupiter Am- 
nion) which is coiled ; it being a straight horn, orthos, straight ; keros, 
horn. Ammonites] is a common genus ; but I have not located any 
definite species. 



REMAINS. 99 

the impressions of partitions, whether outer specimens, 
or inner castings; gradually tapering towards the apex 
in some species, and rapidly in others ; partitions more 
or less distant, even edged, circular, transverse, undu- 
lated and zig-zag ; window*, apertures, or siphuncujj, 
between chambers, are near one side- 

O. circularise gradually tapering, round-eylindric ; 
partitions very concave towards the base, with even 
edges ; windows intermediate between the center and 
one side. My specimens may be a new species, for the 
partitions are double the distance, from each other, of 
that of Sowerby's figures. This and the three next 
species, were collected at Lake Huron, and presented 
by Gen. Peter B. Porter i *U in one fragment of &£ 
rock. « 

O. striata, tapering very gradually to an obtuse apex, 
longitudinally striated, probably thin; aperture oval> 
one third broader than wide ; partitions numerous* jjtaep. 
Very large — sometimes 15 feet long. 

O. undulata, [if figured in Sowerby) shell ovate, 
thin, smooth; partitions numerous, oblique, edges rising, 
oval, with an undulation on each side ; window near 
the upper edge. 

Q. anrn(atQ> slightly tapering, gently compressed, 
with strong annular undulations, and minute transverse 
undulating striae, undulations a little oblique. 

O. C9mca 7 terete-conical, window ova), (a little wid- 
er one way than the other) smooth ; chambers numer- 
ous, increasing in depth by age. In 2d graywaeke, or 
slaty lias, at Gold Spring. 

O. paradoxica, lanceolate, curved, somewhat three- 
angled, with a flat front and convex sides ; aperture an 
equilateral trough ; windows nearly central. Ap- 
proaches the Nautilus in character. This may be a 
new genus. Sowerby had seen but one specimen* — 
It has no spire, but is clearly an orthocera. In cherty 
timerock at Bethlehem caverns. 

Helicite Family embraces all the modern genera, into 
whieh the genus Helix, of Linnaeus, has been divided. 
The animal is truly a Umax, as Linnaeus named the na- 
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ked snail or slug. Bat this family embraces those kinds 
of limax only, which inhabit univalve, wckambered 
shells, which are spiral, gibbose, more or less flattish at 
die bottom, haying the aperture more or less contracted, 
semi-lunar or roundish. Cuvier says, " the aperture 
of the shell encroaches more or less upon the projection 
of the next to the last whorl, so as to give it a crescent- 
like form." 

Genus Helix. The crescent aperture as wide as it 
is high, or wider ; the whole shell sub-hemispherical, 
with the apex elevated considerably above the plane of 
chief portion of the animal. The common snail, (H. 
albilabra) belongs to this genus. No species of it is 
necessary according to the plan of this text-book. 

Genus Planorbis. Aperture wider than high ; apex 
not elevated ; convolutions nearly in one plane, forming 
an orbicular plane. 

Tbp species P. obtusus, P. albus, P. paludosus, P. 
annulatus, I have found in shell-marl. 

Genus Limnea. Spire oblong, extended to consid- 
erable height above the large gibbose whorl : aperture 
higher than wide ; shell thin. Found associated with 
Planorbis. 

The species L. longiscata, L. minima (probably a 
young variety of longiscata), I have found in shell- 
marl. The L. longiscata is often 2 inches long. 

Cuvier says, that the presence of these, and some 
other species, in shell-marl, proves it to be a fresh water 
deposit. It was not convenient for me to figure and 
describe these species, neither is it necessary, as shell- 
marl can never be mistaken. 

FROM THE ARTICULATA. 

* Trilobite family embraces those crustaceous animals, 

*Brongniart, in his excellent "Natural History of Crustaceous 
Fossils/' refers them to crustaceous articulata. Latreille refers them 
to the Chiton family of the multivalve mollusci. I was inclined to La- 
treille's opinion, until Dr. James Eights, of Albany, brought home a 
collection of crustaceous animals, made by himself in the Southern 
Ocean. Assuming Brongniart's definition of a trilobite, Dr. K has 
certainly two species (and I am inclined to believe he has three) tri* 
lobites, which are now Hying in those seas. 
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the transverse articulations of whose abdomens are 
crossed by two series of grooves, depressions or undu- 
lations ; so that the whole animal presents a three- 
lobed, or three columned appearance, longitudinally. 

I have described the Calamena and Asaphus of 
Brongniart, and proposed Brongniartia and Nuttainia. 
The two latter appeared to be necessary, as we have 
several species which cannot be referred to Brongniart's 
genera. 

The following species are selected for American stu- 
dents in Geology. 

Genus Calamena. Body contractile into a spheri- 
cal form ; before contracting it is nearly semi-cylindric ; 
the head, or buckler, bears tubercles, two of which are 
eye-form and reticulate ; the abdomen is divided into 
12 to 14 articulations. 

G blumenbachii, (Dudley fossil) buckler round, with 
6 distinct tubercles in front; eyes on the elevated 
cheeks ; body tubercled. Called also Trilobus imbri- 
catus. Glenn's Falls in transition limerock. 

Genus Asaphus. Body large, somewhat flattened ; 
middle lobe projecting and distinct ; lateral lobes each 
greater than the middle one ; buckler semi-circular ; 
tubercles reticulate, eye-form ; abdomen with 8 to 12 
articulations. 

A. hausmannii, tail rounded and forming the middle 
of circular arc, whose centre is in the fore abdomen, 
near the head ; covering tubercled or spined. Found 
in coral rag on the south shore of Lake Erie— also, in 
its underlaying grit slate, on the Helderberg. 

A. cawdattiSj tail prolonged, acute ; buckler roundish 
before, emarginate behind, with its external angles ex- 
tended into mucronate points ; eyes exsert, conic, trun- 
cate, distinctly reticulate. Glenn's Falls, in transition 
limerock. 

A. seleniums,* mihi, tail crescent-form, or concavo- 
convex, with the convex side forward, upon which the 
post-abdomen terminates; abdomen contains about 12 
articulations, with an abrupt termination equal in breadth 

* Selene, moon ; our Of, tail. 
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to one fourth of the length of the transverse lunulate 
tail ; the articulation of the side lobes gradually incline 
towards the axis of the body, until the last pair termin- 
ate on the tail. Found in transition limestone at 
Glenn's Fall* and* Becraft Mt, near Hudson. I hate a 
specimen from Becraft Aft, with part of the original 
covering of the animal remaining* 

Remark. In all the figures given by Brongniart, ex- 
cepting a part of those under Paradoxides, he makes 
the articulations of the aide lobeB differ in number from 
those of the middle lobe. And in all cases makes two 
deep grooves or furrows at the places of meeting* His 
words are — par deux sillans profonds, (by two furrows 
deep), see p. 3> We have in this country at least three 
distinct species* wherein the side lobes are separated 
from the middle lobe by mere undulations in the articu- 
lations of the abdomen. With due deference, which, 
in this case, I feel, I venture to propose a new genus, 
founded on that character. 

Genus Brongniatia.* Mihi. Fore abdomen al- 
ways, and post abdomen in some cases, longitudinally 
divided into three lobes, by regular series of undula- 
tions traversing the joints* without grooves; articula- 
tions of the side lobes being manifest continuations of 
those of the middle lobe, and consequently, agreeing in 
number. 

B. platycephala, head and fore abdomen very broad 
and depressed, the abdomen with ten joints, curved 
forward *at the undulations ; post-abdomen and tail with 
about 15 joints, curved backward at the undulations ; 
the three lobes of the tail more distinctly separated : 
divisions between the joints of the abdomen double*—* 
Found in soft slaty lias. A figure of the head and 8 
joints of the fore abdomen of this species was given 

me by Mr. G. W. F h, two or three years since. 

He said that Dr. Bigsby found the specimen on St. 
John's Island, in Lake Huron ; and that it had been 

*lt is my opinion, that Dr, Eights has specimens of two distinct spe- 
cies oT this genus, which he collected in the Southern Ocean. He 
will soon publish figures of them, for the examination of entymologists. 
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published under the name, Asaphus platytephalus. I 
have before me two specimens from Lockport, on the 
Erie Canal, presented by Dr. Smith of that place. — 
The whole animal was six inches long and three broad. 
Ogyges latissimus, Am. Jour. Sci. v. 20, p. 136. 

B. isotelea, head and tail nearly of the same form and 
size, and contractile ; joints of the abdomen 8 ; undu- * 
lations of the joints strong ; and the joints curved for- 
ward beyond the undulations. Found in transition 
limerock at Trenton Falls. Published under Isotelus 
gigas by De Kay, with a suggestion that these two* spe- 
cies might form the type of a new genus. But the 
platycephalus had not then been examined, excepting 
the head and 8 joints of the abdomen* 

B- carcinodea,* mihi, the anterior and posterior parts 
incurved or folded upon each other, with their termin- 
ations meeting evenly : living specimens exhibit a sub- 
spherical form when incurved : but the posterior folded 
half only appears in fossil specimens, which consists of 
three articulations, a terminal rounded division, and 
narrow cuniform side-lobes ; the articulations of the mid- 
dle lobe are oblique from the middle backwards, and 
each side-lobe has but one articulation, which is at its 
broad or folding end. 

When the covering is present it is white carbonate 
of lime. Found at Cold Spring, on the Mohawk. 
About three fourths of an inch across. Called Cancer 
triloboidus in Am. Jour. Sci. v. p. 137. 

Genus Nuttainia.| Mihi. (filletted trilobite) Head 
in three lobes, the middle one most prominent ; the two 

* Karkinodes, Greek, of Karkinos, crab, aides, appearance. I sent 
flpecimens to Brongniart, and he told the bearer, that they appeared to 
be the connecting fink between the Trilobite and Crab. Dr. Eights 
has several specimens of living species resembling this, which he col- 
lected on the beach at Cape Horn. They are about 1) inch long and 
half as broad, sub cylindric, incurved when at rest A drawing will 
soon be published, and a specimen will be sent to Brongniart. The 
fossil here described and Dr. E's living species seem to me to connect 
the extinct and living animals of this curious family* 

t Nutto (or nusso) Greek, to puncture — tainia, a fillet I prepared 
this article and sent it to the printer, under the generic name of Wah- 
lenberg (Entomostracites) with some modification. Afterwards ray 

5 
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later^lobcs, stfo-hemisj&erical or sub-quadrantal : the 
whole bead bordered anteriorly with a punctured fillet ; 
body distinctly three lobed, middle lobe sub-cylindric, 
ttnd not so broad as die side lobes. 

N. toncentrica, mihi; fillet in the form of a semi- 
ellipse cut in the direction of its transverse diameter, 
and truncated so as to present the two ends of the fillet 
in the line of the same diameter ; punctures of the fil- 
let in about 4 or 5 concentric arcs, separated by al- 
ternating arcs of fine elevated ridges : middle lobe of 
the*°head narrower than the side lobes, more prominent, 
and tapering posteriorly : whole animal short-ovate : 
side lobes wing-like, flat, with very narrow joints. The 
head is found in great numbers in the transition lime- 
rock of Glenn's Falls, and in the wacke variety of tran- 
sition argilite on the Champlain Canal, between Wa- 
terford and the Mohawk. Three figures, 7 A. B. C. 
Plate TV, of Brongniart, found in Russia by Stokes, 
are the heads of this species ; but Stokes did not find 
the bodies. Fig. 6 of the same, is probably a species 

■ of tins genus. The head excludes all these species 
from the genus Asaphus. 

N. sparsa, mihi ; fillet nearly straight in front of the 
middle lobe of the head ; punctures of the fillet scat- 

< tered irregularly, without any alternating ridges : head 
compressed, covered with scattered punctures, having 
its side lobes much smaller than the middle one ; mid- 
dle lobe with straitish sides, giving it somewhat the 
form of a parallelogram. Found in 3d graywacke, or 
grit-slate, in Coeymans, 16 miles south-west of Albany. 
I have the head of one before me, two and a half inches 
broad and one and a -half long. The whole of the ani- 
mal must have been six or seven inches in length. 

pupil, R. F. Livingston, discovered the entire body in two fair speci. 
mens ; by which.it appeared, that W.'s name signifying prickly insect, 
could not be retained, as the generic name. He had seen the body o f 
two species, punctatus vad granulatus; both of which had prickly or 
pimpled bodies. 
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3. RADAIATA, OR ZOOPHYTE? (Animal plants.^ 
CRINOIDITE FAMILY (wteeWhirls.) 
These organic fossils are generally found under half 
an inch in diameter in short cylindrical fragments j 
and from the appearance of their annulated articulations^ 
are called petrified wheel-whirls. Authors have called 
them Entrochites and Encrinites. J. Miller, a distin- 
guished naturalist, has been successful in tracing these 
common branches to central bodies ; ano\ drawn char- 
acters from them by which he has establishecf^SSSa 
genera and twenty-two species. But it is impossible 
for students in geology who study rocks in place to de- 
termine either genus or species in one case of a hun- 
dred, by the aid of Miller's descriptions ; because the 
central body cannot be found by them. I shall there- 
fore continue the use of the names and descriptions^ 
which I published in the 2d vol. Am. Jour. Sci., and 
which I adopted twelve years since in my school. As 
I shall describe none but those which I have seen in 
place and have now before me, the student cannot be 
misled by me ; for when he finds a specimen answer- 
ing to my description, it will serve as an index to the 
name under which I nave described the rock in whicfy 
he finds it As fast as Miller's names can be ascer- 
tained, they may be published} and these descriptions 
be retained.* 

* Cuvier's tfoncise definitions of Miller's genera are here subjoined, 
for the purpose of giving the student a general view of the structure of 
these zoophytes. 

The fossils called IJntrocJiUeg or Encrinites are stems and ^ranches 
articulated to a central bpdy. Tl)e stru^tufe of Jhe body naturally di- 
vides the genera into three sections. 

Section J,, bodies formed of pieces articulated with the stews, and 
bearing tfte rays by similar ar£cuJations. 

Genus Apocrimitus. j$A*m round and Inflated above. 

G, Eng^unitus. Stem fftPM? *u4 not inflated. 

O. Pentacrinitos. Stem pentagonal. 

Section % Bodies ftrmed of angular pja^s, unified af tfoe p<j£es ; and 
in several ranges, 

G. Pi^TYSRLBurqs. Ilaying 2 xanges^ pne of 3 plates and the 
other of p. 

G. Potbriockinitus. Having 3 ranges, each of 5 plates. 
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Ekcwihtb or Entrochtj8.* The stems (being the 
only parts usually found) are cylindrical columns of ar- 
ticulations resembling pieces of coin piled upon each 
other like the Voltaic pie ; each joint or piece is stria- 
ted with radii from die centre to die periphery, and has 
a hole through its centre, forming an axis to the whole 
column, either filled or empty. 

E. trcmversus (birdseye pins) rings low or confluent, 
so that the column appears nearly or quite smooth ; per- 
forates strata transversely. Found in the lowest and 
most compact layer of metalliferous limerock. It is 
called Encrynal by Conybeare, and Birdseye marble by 
stone-cutters, 

E. tricychs (double jointed whirls) having three kinds 
of rings, the smallest alternating with each of the other 
kinds in regular succession. Inner castings are often 
found ; the smallest will then appear most prominent. 
Found in third graywacke above the coat in Pennsyl- 
vania. My best specimens were found in Owego, ly- 
ing in the direction of the layers of the rock. 

£. mulHradiatus (many-rayed whirls) articulations 
many-rayed (from 40 — 8Q^ery thin, perforate stra- 
it* 1 c y € /«« 5 ta transversely. Found in atmtA graywacke in Nis- 

keuna. 

E. curvatus (curved wheel-whirls) articulations dis- 
tant, with their edges finely double ; column always 
curved and lying between layers. Found in shell lime 
* rock at Glenn's Falls. 

G. Ctathockiottus. Having three ranges, each of 5 plates, the 
last with inserted plates often increasing it to ten. 

G. ACTUfOCRiKiTUS. Having several ranges — 1st, of 3 plates, 2d, 
of 5, others more, and the two first have radiating ridges. 

G. Rhodocbhhtus. Having several ranges— 1st, of 3 plates, 2d, of 
5, 3d) of 10 ; others of more ; and the three first have radiating ridges. 

Section 3. Bodies formed of a single piece. 

G. Eugikucrixotto. Having the appearance of 5 pieces soldered 
together. 

* Encrimu, in the form of a lily, called stone-lily. Entrochus, in the 
form of the wheel in a pulley, a circular piece of board as the head of a 
cask. The stems of this petrifaction are piles of pieces like piles of 
eopper coin ; and the body is somewhat lily-like— -hence the two names. 
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E. interruptusj baying two kinds of rings, mostly !fc 
regular alternations with each other ; or rather the high 
prominent whirls are interrupted by low small ones, 
single or in pairs. Found in the Coral rag oyer Coral 
Cave on theilelderberg ; mostly in the direction of the 
layers of the rock. 

E. tereHformis, tapering rapidly ; whirls low, even, 
generally pale or whitish. Found with the last. 

E. giganteus (red coralline) branching, red or grey : 
often compressed, whirls uniform and generally obscure : 
branches of great length ; mostly lying in the direction 
of the layers, or nearly so. Found in saliferous rocks 
at Oak Orchard, Mineral Hill in Blenheim, and a mile 
south of Mt. House. 

Pentacrinus. Stem 5-cornered ; rays in 5 lobes. 
P. 'fimbriatttSy (fringed whirl, ( the 5 lobes fringed 
with striae : whorls as of the species Encrinus tricyclus. 
Found in »"gray wacke at Niskeuna with the Encri- 
nus multiradiatus,' both perforating the layers of their 
respective rocks, and also lying in the direction of them 
sometimes. 

Echinus. Spheroidal, shelly, and beset with spines ; 
mouth in the middle of the under surface ; and haying 
ten bands arranged like meridian lines, each extending 
from the mouth to the opposite centre. 

E. gyracanthus* mihi ; (ring-spine urchin.) Shell 
in undulating concentric lamellar circles ; spines nu- 
merous, regularly terete, surrounded by numerous 
prominent whirls or rings (10 to 15) and terminating in 
naked points. The spines are often found in the cleav- 
ages of the Corniferous limerock of Bethlehem, pointing 
in all directions, without the presence of the body. I 
counted 200 spines on a surface of three square inches, 
averaging one third of an inch in length, and the six- 
teenth of an inch in diameter at the large end. 

Cyathophtllum.| [Goldfuss] stem calcareous, 
free or rooting : lamellae from cup-form cells, prolif- 

* Guros, a whirl or ring, akanthos, thorn. 

t Kuathos, a cup, phullon, a leaf or lamina. Acervularia, Madre- 
pora, Caryophyllea, of authors. 
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emu from the centre or margin aecumolmted into a 
cylinder; cylinders turbisate, mostly horn-form, solita- 
ry or united in groups, transTersely rugose and longitu- 
dinally striate ; terminal cell at the largest end gener- 
ally radiately plaited-lamellar. t , 

C ceratites (common stone-horn) free, single, cone- 
form and incurred towards the apex ; cell of the base 
cup-form with erect margin, haying firom 40 to 60 sub- 
dentate and sob-equal laminae. 

C.JUxuonm (zigzag horn) flexuose, sub-cylindrie ; 
base cell sub-funnel-form, with slender equal laminae. 

C. vermicular* (ridgy horn) sub-cylindrical, with 
large transverse rugae or geniculate ridges, sometimes 
flexuose or irregularly curved, so as to give the joints 
the appearance of being irregularly united; lamellae 
few, remote, equal. 

C. vesiculotwm (porous horn) turbinate ; base cell sub- 
funnel-form ; lamellae formed into cells. The cells are 
oral, spherical, concavo-convex, and irregular. 

C qucubigeminwn (pin horn) cespitose with numer- 
ous minute sub-cylindrical columns coalescing in a sub- 
spherical mass ; proliferous, three or four from one base ; 
disk of each flattish, often rising a little in the middle, 
lamellae very narrow, greater and smaller ones alterna- 
ting. In my specimens, each column is about the six- 
teenth of an inch in diameter, and from two to four hun- 
dred are united in each spherical mass. Their disks 
present a beautifully radiated appearance under a lens. 

C hexagonum (wry-neck horns) rugose, sub-cylin- 
drical, hexagonal, or pentagonal, with the disk reflex- 
ed; segregate (single,) or cespitose and proliferous. 
My specimen is single, three-fourths of an inch in di- 
ameter, cylindrical, and reflexed at right angles so as to 
bring the disk into a vertical position- 

C helianth&ide* (sunflower horns) cespitose or soli- 
tary; when cespitose each column is pentagonal or 
hexagonal ; when solitary it is elongated and prolifer- 
ous, or short-turbinate : the disk has from 60 to 80 rays 
in pairs confluent, with the margin more or less reflexed. 
I found the cespitose and turbinate varieties. 
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N. B. The seven species described above, we ftrand 
at Bethlehem and Van Schaak's. They are all con- 
fined to the Corniferous Limerock. 

G. hypocrateriformis (salver horns) turbinate and sub- 
cylindric, single or cespitose : the terminal disk tubu- 
lar in the centre and the limb flat;* the equal rays 
come to the bottom by pairs. My specimen is single ; 
I found it on the south shore of Lake Erie. 

Turbinola.* [Lamarck] turbinate, simple, free, sol- 
itary, not rugose or with smooth rugae, cells lamellose ; 
lamellae (connected at the centre and naked at the sides) 
form one terminal cell at the disk. 

T. mitrata (mitred cone, smooth horn) sub-compres- 
sed on the sides ; apex incurved : lamellae thickish, 
cub-connate, and papillose at the surface, unequal, some- 
what toothed, forming an ovate, stellate disk. My spe- 
cimens average an inch in length. Found at Glenn's 
Falls. 

1 

MADREPORITE FAMILY. 

Madrepora. (tree corals) Cells obliquely radia- 
ting, constituting a calcareous stipe, confert, and de- 
pressed in the centre. 

M. limbata (branching coral) branching and the 
branches sub-cylindrical ; the mouths of the cells radi- 
ate-straite in the periphery. I found one specimen on 
the south shore of Lake Erie, near 18 mile Creek, f 

Lithodendron.J Sch. (stone trees) Stem calcareous, 
affixed, tree-form ; lamellar cells combined in a branch- 
ing trunk: the trunk cylindrical or thickened at &e 
base ; branches terete ; terminal cells cup-form. 

L* dichotomum (cylindrical stone tree) Cespitose, 
erect Sub-flexuose; branches dichotomoos, densely 
striate ; little stars excavated orbicularly. Very com- 

* Hippurites of authors. 

t Goldfuss says, there is in North America near Chesapeak Bay, 
BL palmcUa (hand coral) compressed, palmate, cells -remote, im- 
mersed; lamellae conjoined in net-like form in the centre, with gla- 
brous interstices. Students should search for this .species, as more 
species of this genus would be useful in determining some of our strata. 

t Madrepora Lin. ffcryophyflea, Lam. 
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moo at Glenn's Falls, lying between the layers of the 



L. pBcalmm (flattened stone tree) Branching, cespi- 
tose ; branches compressed, erect, densely striate, fasti- 
giate, bifid or tzifid : the little stars irregularly plicate. 
Found at Glenn's Falls, generally perforating the layers 
of limestone, like the Encrinus transversus ; but is 
readily distinguished by its compressed stems. 

Astrsa. (star corals) Stems calcareous, irregular, 
incrusted or glomerate ; lamellae from the tubes paral- 
lel or radiating, either contiguous or conjoined by in- 
terposed porous masses: the terminal cells form stellate 
laminse. 

A- stylapora (star-stone) Hemispherical ; little stars 
angle-tubular, approximating and contiguous, margin 
glabrous, lamellae distant ; the centre of the column or 
star extended a little. Common in the south bank of 
Lake Erie ; about one inch in diameter. 

A. porosa (great star-stone) Fungi-form, (sub-spheri- 
cal) or sub-ramous : little stars equal, remote, excavated ; 
lamellae rather distant with pores irregularly interposed. 
I found a specimen on the south shore of Lake Erie, 
about two inches in diameter, and covered with a half 
inch coat of iron pyrites. 

TUBIPORITE FAMILY. 

Column aria. Stem calcareous; tubes prismatic, 
contiguous, parallel or radiating; partitions transverse 
without any communicating pores : tubes lamellar with- 
in and the laminae radiate. 

C alveolata (coral cakes) Hemispherical (often con- 
cave-convex, and sometimes flat) tubes unequal in 
length, striated longitudinally, and radiating from the 
base ; those lamellae of the little stars are rather remote 
which radiate from the centre, the marginal ones alter- 
nating. Very abundant over the Coral cave, on the 
Helderburg. They are from three inches in diameter 

to ten. 

C sulcata (furrowed corals) tubes generally parallel 
and straight, sometimes a little curved ; furrowed Ion- 
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gitudinally and sub-striate : lamellae of the stars radiat- 
ing from the center, and the marginal ones alternating. 
Very abundant in transition limerock, at Glenn's Falls, 
where it is generally dark brown. We find some there 
whose prismatic columns are six inches long. 

C. intermedia } mihi : tubes sub-striate, scarcely sili- 
cate ; mostly parallel when in large formless masses 
and radiating when in small obconic masses. It seems 
to be intermediate in character} (as it is in stratiogra- 
phical position) between the alveolata and sulcata. It 
is distinguished from sarcinula ndcropthalma by its 
prismatic tubes. Found near Bethlehem caverns in 
cherty limerock. Not described in Goldfuss. 

Sarcinula. Stems calcareous, conglomerated : tubes 
cylindrical (sometimes angular by compression) di- 
verging, sometimes almost parallel ; intermediate lami- 
nae transverse and joined in fascicles : transverse parti- 
tions within the tubes, and laminae radiating in whorls. 

S. micropthalma, tubes diverging, remotely ribbed ; 
rays of each tube 6, in whorls, and each ray twice 
forked ; lamellae connected remotely. Bethlehem and 
Van Schaack's. 

S. ramosa, mihi ; tubes distant and branching irregu- 
larly but not frequently. It resembles the rmcropthal- 
ma ; but cannot be considered as a variety, on account 
of the irregular courses the tubes pursue through the 
mass of rock, and the branching into almost equal parts 
which sometimes occurs. Found at Bethlehem caverns. 

Syringopora. Calcareous ; tubes cylindrical, paral- 
lel, or diverging, remote : the diaphragm- like partitions 
across the tube, originating from central proliferous fun- 
nel form organs, are conjoined among each other in 
lateral single tubes. 

S. verticellata, tubes straight, remote, lateral tubes 
connected, sometimes whorled. Goldfuss says, this is 
found near Lake Huron, I have not seen it in place. 

Catenipora. Calcareous; tubes parallel, constituting 
vertical laminae in net-like chains: tubes compress/jd, 
intercepted within with transverse partitions. 
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F- flymtr/kmj (assay-faced fungite) convex or hem- 
■apVrira l shores with an oblong d^jxessioii in the mibV 
dfc (often obsenxe) ; lamella* equal confert granula- 
ted; at the base concentrically suleate, with minute 
striae. Several varieties of this species are 
at Glenn's Falls and Amsterdam: where they 
often lie with their convex sides projecting from the 




F. discMta (flat-faced fungite) convex both sides, 
but presents a flattened disk above and depression in 
the orbicular centre beneath : lamella* confert, equal, 
jWlriAj toothed, cross-barred ; rugose farrows concen- 
tric at the base. Very common at Glenn's Falls, where 
they are generally immersed in the rock, so that the 
upper surface is nearly level with die surface of the 
rock. 

Axctokia. Funnel-form or pileus-like, supported on 
a stipe : tubes, arising from within the stipe, radiate 
to the disk or brim of the pileus. 

A. /unguridea, mihi, (fungus stone) pileus flat, with 
the tubes mostly radiating to, and terminating in, the 
broad vertical brim. Our specimen was found in a 
cavern at Bethlehem. It is now in the Troy Lyceum, 
labelled Alcyonia in the hand-writing of Le Sueur — 
1 remember shewing it to him at Albany in 1819. See 
Co^ybeare and Philips, p. 76. 
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r Gorgoma. (Petal stones) stem affixed, sub-den- 
dritic ; its axis corneous and distinct ; crust permanent} 
fibrous, calcareous. 

G. ripisierioj very branching and net-form, spread 
oat like a fan ; branchlets sub-compressed, coalescent, 
minutely striated : bark granulose. Found at Bethle- 
hem in Cornifrous lime-rock 1 £ inches long. 

G. irfondibiliformisy undulated-funnel-form, (or ap- 
pearing like a petal or spread fan) most finely reticula- 
ted ; meshes appear like pin-holes, a little oval and 
approaching the quincunx order. Found over Coral. 
Cave. About an inch in length. 

Diploctenium. (Double-comb) Consists of stony * 
polypy arranged so as to resemble a fan-form leaf: la- 
minae in pairs, connate below ; both superficies ire 
lamellar and radiating from the base: 
. D. phma (feather comb) oblong, sub-flaxuose ; inner 
lamellae straight and in pairs, outer ones minutely un- 
dulated. Found over Coral Cave. About an inch' in 
length. 

RETEPORITE FAMILY. 



Retei*ora. (Net stdries) ; retictdate-brinched, or' 
punctured, net-like; celts stoney; mouths df fife cells 
unilateral. 

R. disticha (two-sided net-coral) ramose, branches 
sub-dichotomous; lateral pores alternate, obliquely o* 
transversely in 2 sided rows, tubular. Trtke specimens 
before me are in the same rock with the datefoipora 
eschafoides, from Caledonia. They ate obscure and 
doubtful. I introduce this genus, because IbelievST 
recollect seeing specimens of this genus in our district'; 
but I hate no good one present. 

Coscinopora. Polypi cup-form, fibrous, punctured 
quincunx funnel-form pores ; fibres densely compressed. 

C. maeropora (large-mouthed net-stone) patelfa-form, 
pores orbicular, interstices Wifli greater or less punctures. 
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In second graywacke on Becrafi Mt. near Hudson- 
Very irregular in external form. 

C. infundibiHformis (funnel net-stone) funnel-form, 
perforated at the bottom ; little-mouths arranged in the 
direction of numerous arcs of circles crossing each oth- 
er obliquely, by haying their centers considerably dis- 
tant. I have a beautiful specimen two and a half inch- 
es by three and a half, from the graywacke with the C- 
macropora. 

C sulcata (checkered net-stone) ventricose, aper- 
tures of pores within rhomboidal, wihout orbicular; 
furrows immersed longitudinally. My specimens are 
from Bethlehem caverns. They are very perfectly 
checked; but the checks often meet at angles. The 
furrows are deep one way, with shallow lines the oth- 
er way ; like furrowing out rows of corn deeply one 
way and with a shallow farrow the other way. 

Flustra. Stem fixed, consisting of numerous cells, 
united somewhat like those of honeycomb : sometimes 
it is a mere mat of cells incrusted on the surface of an- 
other body. 

F. carbaseoides, mihi ; stem subdivided or branched ; 
cells in tesselated rhombs. Resembles the recent Fhis- 
tra carb&ta. Abundant at Glenns' Falls. Found by 
Prof. Fowler recently in transition limerock on the 
east shore of Lake Champlain, Vermont. A species of 
this genus is found in the transition silicious slate on 
the bank of Hudson river in the city of Hudson ; hut 
my specimens are not sufficient to enable me to detect 
specific character ; but I believe it is this. 

Students should be told, that the checked appearance 
of most species of the flustra is made by the termina- 
tion of oblique tubes. Therefore they may often deter- 
mine the genus by the exposed sides of these tubes ly- 
ing upon each other in imbricated order, like grains of 
wheat in the head, when the checkered order of their 
termination is not manifest. 

Remarks. It may appear to be a great absurdity, 
that I hare described no bivalve molusci, to those who 
have never made an application of organized remains 
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for the purpose of determining geological strata. The 
following are my reasons. 

1. They are the most difficult to determine of all re- 
mains. First, because they are most numerous for 
their cemented fragments often constitute almost the en- 
tire mass of a limerock. As different species approach 
each other in so many points of character, they can 
scarcely be distinguished in the most perfect specimens 
—or even in the recent state. Second, because the 
hinges, cardinal and lateral teeth, are essential for de- 
termining most species. These are either obliterated, 
on account of their perishable nature, or are hidden in 
the interior of a closed shell. We are, therefore, com- 
pelled to resort to the general configuration, as figured by 
Sowerby and others ; which is a very indefinite meth- 
od on account of the near approach in configuration, 
even between different genera. 

2. The remains of animals of the genus Orthocera, 
Ammonites, and Bellerophon, of the numerous species 
of articulated and radiated animals, are to be found in 
all strata, where bivalves are found ; and they can be 
determined by any small fragment of any part- 

It is proper to add, that a few species of bivalves may 
be found useful, or even necessary. Students in geol- 
ogy are requested to consider the Productus depressus, 
Terebratula ovoidesy perovahs, spmfertndes. 

Productus depressus has a straight hinge, so as to 
resemble the form of the letter D., and sometimes ap- 
proaches a square form. It is flat on the upper side, 
and its whole surface is in undulated wrinkles. It is 
found in corniferous Hmerock (the upper terminating 
formation of the lower secondary series) and in the 2d 
graywacke, which forms the lower formation of the 
same series. It is therefore important in illustrating the 
cotemporaneous character of the series. 
?, Terebratula, ovoides and perovahs. The owrides is 
nearly egg-form, the perovahs is a long oval. They are 
both found with the Bellerophon in the calcareous grit, 
or shell grit, on the Helderberg — also in all parts of 
Europe in the same rock. 
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ORGANISED, &C. 

Terebratula spirifer aides. This is tery common in 
the grit slate, in 3d graywacke slate, on the south 
shore of Lake Erie. It may serve as an index to de- 
termine equivalents in this country. I will therefore 
describe it. 

T. apiriferoides, mihi. Broader than long; trans- 
versely sulcated, or rather having concentric imbrica- 
ted layers ; not striated longitudinally: beak somewhat 
incurved, the most prominent perforated, and the per- 
foration remarkably well preserved in most specimens : 
hinge straightish, and presenting the appearance of a 
9pkifer. From an inch to an inch and a half long. 
Vary perfect along the south shore of Lake Erie from 
10 to 24 miles west of Buffalo— -particularly on each 
side of the mouth of Eighteen-mile Creek. 

I am aware of the importance of other organized re- 
mains, as conducing to the object proposed. But I 
have not been able to ascertain the precise strata, in 
Whidh other relics, known 1 to nte, are found in this 
country. Authors, who have described them, are 
probably correct ; butwe might not agree in the naming 
—and I even doubt in some cases, which I hare here 
set down as fixed. Br. Bigsby's splendid ogyges bol- 
toni is unquestionably correct; but I have not been 
able to settle its preeise associations. The upper rock 
atLockportl cafl, Geodiferous limerock-^the rock un- 
der k, is a slaty variety of the Kasoid rock, or hydrau- 
lic cement. Numerous other ascertained relics are 
similarly situated ; particularly several species of osthb- 
cera and ammonites. 

These 22 pages are published for the purpose of pro- 
moting enquiry. Students will be induced to begin to 
make collections ; and matured geologists will be pre- 
pared to answer the question-— how many, and which, 
species of relics will be sufficient for ascertaining all 
our strata? 
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STRUCTURE OF TJBPE JEARTBL 

Any theory so constructed as to be in accordance with 
known facts and appearances, whether susceptible of 
demonstration or not, aids the memory in the study of 
Geology. I shall therefore adopt one, but disclaim all 
responsibility for its support ; as future discoveries 
may prove it to be untenable. 

CREATION. 

Attempts have been, made to shew that tfce sue days 
labor* recorded by Moses, can now be traced, day by 
day, in the present appearances of g*e earlJM E&r tfcis 
purpose some take each day for a, thousand years ; rely- 
ing on a passage in the Bible that " a thousand years are 
as one day with the Creator". Others consider a day at 
the creation as an undefined portion of time, because 
the sua was not appointed "to rule the day" uptil 
three of the days had past Others say, that the Cre- 
ator hastened the ordinary operations of nature, so> that 
the same events were brought about in twenty^four 
hours, that ordinarily occur since that period, in, a thou- 
sand years- Thus by giving an increased velocity to 
chemical and philosophical attraction in the ratio of 
three hundred and sixty-five thousand to one ^ flatter 
would assume the organized form of animals a$d veg- 
etables), and pass to the state of death and* petrifaction 
in the three hundred and sixty-five thousandth pa# of 
the time now required for the same processes^ Oifeejs 

* The remarkable coincidences between the Mosaic account of the 
order in which organized beings were created, and the order- of super- 
position now held by organized remains, often attraot the attention of 
the curious student in geology. According to the Mosaic account, 
gramineous plants were created on the third day— aquatic animals 
on the fifth day — dry land animals, on the sixth day ; and man was the 
last of the 4ry land animals. Now we find petrifactions, of gramineous 
plants in the oldest formation of every series, together, with ferns and 
pajm-like. plants — petrifactions of aquatic animals in, the more recent 
formations— but no relics of dry land animals are found below the up* 
permost (most recent) of all the. series, of depositee. Bat the remains 
of man has not been found in antedUuvial strata ; which seems to ac- 
cord with h^ having been created after the surface of the earth was 
^ttled, and all other works of creation were finished. 
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do not consider the Bible as intended for a system of 
Geology or Astronomy ; therefore do not deem the sun's 
standing still at the command of Joshua any evidence 
that the earth does not turn on its axis — nor the recent 
date of the creation as evidence that the organized re- 
mains found in transition and secondary rocks ought to 
be ascribed to a Lusus Nattara. Dr. Scott, the learned 
annotator on the Bible, says — u the chaotic mass seems 
to have been instantaneously created out of nothing, 
and then gradually reduced to order and beauty." We 
may add, that we have no means of knowing, whether 
the words, " In the beginning God created the heaven 
and the earth," refer to the beginning of the six days 
work of creation, or to a period many thousands of years 
before that event 

REGULAR DEPOSITES. 

Successions of modifications of the surface of 
the Earth, and of the extinction and re-creation 
of Animals. 

The geological deposites of this country (and proba- 
bly those of the eastern continent,) exhibit grounds for 
conjecture, if not absolute demonstration, that the sur- 
face of the earth has undergone five general modifica- 
tions, which no animals survived. Four of these mod- 
ifications were followed by as many new creations of 
animals. Also that two new creations of animals suc- 
ceeded the final depositions of all regular strata. In 
the whole, there appears to have been five creations of 
animals, at least (perhaps ten) since the primitive mass 
of the earth was formed ; and a long interval succeeded 
each creation. 

I shall here make references to localities in proof of 
this statement ; but a more full account of them in par- 
ticular localities will appear in the alphabetical arrange- 
ment of geographical localities. I will premise, that we 
have five series of strata, or a five-fold repetition of a 
Carboniferous, Quartzose, and Calcareous formation. 
The first is called primitive, and contains no organized 
remains. In each of the other four series, the carbo- 
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taiiferous, and calcareous formations, contain organized 
remains; but the quartzose formations are destitute of 
such relics.* 

Each of the five series of (carboniferous, quartzose, 
and calcareous,) strata, is terminated by a stratum con- 
taining a large proportion of carbonate of lime. , Hie 
characteristics of these terminal strata are the following 

CLASSES OF REGULAR DEPOSITS. 

First Series (primitive) is terminated by granular 
limerock, destitute of any organized remains. Ex. From 
Connecticut River to New York line. 

Second Series (transition) is terminated by compact 
and shelly limerocks ; the compact perforated with en- 
crinites, (called encrinal limerock by Conybeare,) the 
shelly containing fungia (may be called fungital lime- 
rock. ) In this series radiated and molluscous relics are 
found ; but the latter have more than one valve, or are 
one-valved and chambered. Ex. From Massachusetts 
line to die foot of Helderberg Mountains. 

Third Series (lower secondary) is terminated by 
cormferous or cherty limerock; it contains horn-stone, 
and abounds in stone -horns, called Cyathophyllites, 
(maybe called ceratiatf limerock). Univalves, no* cAam- 
bered, first appear in this series- Ex. From Trenton 
Falls to Otsego limerock. 

Fourth Series (upper secondary) is terminated by 
limerock ; as chalky oolite, or coral rag. It always has. near 
or at its termination, a calcareous stratum containing 
hemispherical and fan-form corals, (may be called co- 
ral limerock.) Verteb rated oviparous animals are found 
in it in some localities on the Eastern continent, in lias 
rock- Ex. From Bethlehem caverns to Coral Cave 
north of Pucker street on the Helderberg. 

Fifth Series (tertiary) is terminated by a lime de- 
posite of shell marl ; which abounds in, (or rather 

* It may hereafter be proved, that a new creation of animals prece- 
ded and succeeded the quartzose deposites in each series. This would 
make ten creations of animals. 

t From Iteration Gr. a little horn. 

7 
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consists of) molluscous relics of the hehcite (snail) fam- 
ily (may be called heHcital marl). This series has its 
strata, mostly, not indurated, and embraces numerous 
vertebral animals, some of which are viviparous. Ex. 
Middletown and South Amboy, New Jersey — also Erie 
Canal west of Nine-mile Creek. 

Recapitulation. First Series (primitive) termina- 
ted by Granular limerock. Second Series (transition) 
terminated by Fungital limerock. Third Series 
(lower secondary) terminated by Ceratial limerock. 
Fourth Series (upper secondary) terminated by Coral 
limerock. Fifth Series (tertiary) terminated by He- 
licital marl. 

We learn from inspecting the geological strata of North 
America,' that vegetables were planted upon the carbon- 
ate of lime termination of each series, or class of strata. 
Because vegetables, in a charred and uncharred state, 
are found in the next succeeding stratum, which is al- 
ways slaty. Aquatic animals, mostly marine, succeed- 
ed the vegetables, until the fourth series was complet- 
ed. Then a few dry land vertebrated oviparous and 
viviparous animals were created ; whose remains are 
found in the tertiary class. Timber trees were planted 
and grew at the same time ; whose charred remains we 
now find in the marly clay of Jersey tertiary, along the 
south bank of Amboy bay, and in other places. 

Man appears to have been made after the deposition 
of the tertiary series ; for his remains are never found 
in it, nor in any of the preceding series. An aqueous 
deluge swept most of his species, and of his associate 
animals, from the earth. The diluvial deposites have 
preserved many records of antideluvial existence. Pachy- 
dermous (thick skin) animals, as elephants ; a few ru- 
minantia (cud-chawers) as deer ; carnaria (flesh-eaters) 
as hyenas, have left their preserved remains. But we 
have numerous animals at this day whose remains are 
not found in diluvion ; and would be as likely to be 
preserved, as those which are most common. Hence 
we may justly infer, that an extensive creation of ani- 
mals has occurred since the deluge. The same in- 
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ference in respect to plants is still better supported; 
because plants are more easily preserved than animals, 
as they are less perishable. 

Disturbances of regular deposites. 
After the first series of strata had been deposited, 
(according to Werner in concentric spheres, like the 
coats of an onion,) it appears that these strata were bro- 
ken up, or burst through in several northerly and south- 
erly rents, by an inconceivable force, exerted beneath 
the stratum of granite. The most important of those 
rents are represented in Fig. 2, of the wood-cuts in 
this text-book. This effort of Nature (generally as- 
cribed to the production and expansion of steam by in- 
ternal heat) raised the broken edges of the granite to 
such a height, that they are rarely covered by later de- 
posites. As they are universal, they form excellent 
starting points. Hence Werner commenced with gran- 
ite as the first in his series ; and all further discoveries 
confirm the correctness of his views in this particular.* 

*Conybeare, having collected materials for the upper deposites be- - 
fore he had investigated the lower ones, began with the uppermost, in 
his treatise. The confusion which such a method would induce, be- 
ginning with strata, rarely to be found (the white chalk has not yet 
been found io America,) it is hoped will preterit its introduction. 
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Explanations of the wood-cuts. 

The first figure is supposed to represent the concen- 
tric hollow spheres, constituting the exterior rind of 
the earth ; one overlaying another, like the coats of an 
onion. We may imagine that these concentric hollow 
spheres continue to the center of the earth — (or, like 
Cordier, we may imagine the interior now in a state of 
fusion.) We can inspect all the strata, in regular or- 
der of superposition, which are represented in this fig- 
ure ; but we know nothing of the dark-coloured interi- 
or, excepting, that it exceeds the exterior in specific 
gravity. This was first shewn by Dr. Maskelyne, and 
is now universally received.* 

In the second figure, the combustible materials of the 
first figure (1, 2, 3, 4, 5, 6,) are supposed to have 
been ignited ; and by the expansion of steam or oth- 
erwise, to have produced those rents in the earth, rep- 
resented by the same series of figures. This would 
raise the edges of primitive rocks higher than those, 
which rest upon them ; and thus exhibit our present 
order of series and formations. 

In the third figure, the series (or classes) of depos- 
ites, excepting the tertiary (detritus) are represented, 
according to their present positions, in a transverse 
segment from the Atlantic to the Pacific, across the con- 
tinent of North America. Stratification is shewn by 
the number of series, with an abbreviation for each for- 
mation. From the Mississippi east to the Atlantic, the 
general representation of the order of superposition is 
known to be correet. West of the Mississippi the 
country has not been thoroughly explored. The vast 
disproportion between the elevation and longitudinal 
extension, is sanctioned by usage, and is absolutely ne- 
cessary. If true proportion was regarded, the height of 
Rocky Mts. would not be equal to the necessary diam- 
eter of a hair-stroke line. 

* This was demonstrated by suspending a plumb-line by the side of 
Mt. Shehallon in Scotland, and noting its deviation from perpendicu- 
lar. 



THE EARTH- 68 



EXHIBITION OF TWO TRANSVERSE SEGMENTS. 

The earth is here supposed to be cut into two parts, 
at the 42o of north latitude. 

The observer is supposed to stand south of the cen- 
ter of the segment*— all the earth, south of him, being 
removed. 
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EXPLANATIONS. 

Formations. 

Figures 1 and 2.* A. Lower carboniferous formation 
— E. Lower quartzose formation — I. Lower calcareous 
formation — 0. The lower side of the second carbonif- 
erous formation jwhen used in Fig. 1. This lower part 
may be primitive. When used in Fig. 2, it is for 
all that formation — U- Second quartzose formation-— X. 
Second calcareous formation — W. Oceanic waters. 

Combustibles. 

These are indicated by numeral figures. In Fig. 1, 
they are represented as they are supposed to have been 
deposited at the creation. In Fig. 2, they are repre- 
sented as having been consumed by combustion, where- 
by an explosion was produced, which burst through the 
primitive and transition series— the only depositee then 
made; and those not perfectly indurated. 1. The 
combustibles under Rocky Mt. — 2. New-England— 3. 
Britain — 1. Alps and Pyrennes — 5. Caucasus — 6. Him- 
malay. 

Remarks. In Fig. 1, the water is represented as 
encompassing the whole earth ; being pressed out to the 
surface by the greater specific gravity of the earthy ma- 
terials. While the earth and waters were in the qui- 
escent state, no organized beings, but marine, were 
provided with a place of residence. In due time the 
combustible materials marked 1, 2, 3, 4, 5, 6, were 
ignited, and produced the changes exhibited in Fig. 2. 

* These figures are an improvement upon those published in my 
Geological Index, in 1820, and afterwards copied into Woodbridge'a 
Geography. 
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EXHIBITION OF A TRANSVERSE SEGMENT. . 

The continent of North America is here supposed to 
be cut into two parts between 42o and 43° north lati- 
tude. 

The observer is supposed to stand south of the mid- 
dle of the segment — that part of the continent which 
is south of him being removed. 



8 



Ife siWtetttU; or 



EXPLANATIONS. 

Fig. 3. This figure represents a segment of the? 
earth from the Atlantic to the Pacific, between the 42* 
and 43o N. latitude, in its present state, so fair as re- 
gards rock strata. The tertiary formation, or antedilu- 
vial detritus, may be supposed to overlay the rock stra- 
ta in most of the depressed situations. The 3d and 
4th series may be supposed to have been mostly depos- 
ited after the great explosion, represented on Fig. 2 ; 
and the tertiary, or 5th series, to have been deposited 
last of all the regular series. All strata above the lower 
side ot'ike arg^lHte, may t>e supposed 'to be m'ade up 
%y tite tftttslotrt and tfiiintegiattons of the then soft 
•talctbtrie strata, TCp^seated in Fig. 1. Ffar; >m wfe 
may suppose them broken up soon after their dertaai- 
4ta,4fcy wttein**^ state, and readily 

f WatAf ed <from their origirittl situation, by the numerous 
currents which the uneVen surface wduM thbn cause; 

Abbreviations. 

Car. Carboniferous formations — Qu. Quartzose for- 
mations — Cal. Calcareous formations. The numerals 
indicate the first, second, third, fourth and fifth series 
of formations. The fifth, however, is not represented 
. here. See definition of it, fifth series. 

Remarks. In Fig. 3,^ the present state of the earth 
is represented, after several vast explosions ; as, accor- 
ding to Cuvier's theory, " life has often been disturbed 
on this earth by terrible events." The combustible 
materials are now supposed to be too nearly exhausted 
to produce such general explosions; but are still suffi- 
cient for ordinary earthquakes. 
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ANOMALOUS DEPOSITS, 

Are those -which are produced at the earth's surface 
by the fusion or disintegration of regular strata. 
4 I. Volcanic deposits. Hornblende basaltic rocks, 
deposited since the primitive explosion and before the 
deluge ; or more recent deposites of lava, breccia, ash- 
es, stones, &c. produced by the direct action of volca- 
nic heat upon the substance of the regular deposites. 
' II. Diluvion. Subdivisions. Proper diluvion is 
* a confused mixture of gravel, sand, clay, loam, plants, 
- animals, &c. so situated that it must have been deposi- 
ted from water in a state of violent action, which could 
not have been produced by any existing cause : or it 
must agree in character with deposites which are thus 
situated. Never contains works of art. Ultimate di- 
luvion, a thin deposite of greyish, yellow loam, repos- 
1 ing on other strata, in all ancient uncultivated forests, 
which have not been cut away since the deluge. It is 
so situated, that it cannot have been deposited from wa- 
ter while running with much velocity ; but it appears 
to be the last settlings of a deluge. 

III. Post diluvion.* Any detritus deposited by 
water since the deluge ; which is distinguished by the 
coarser pebbles being nearest to, and the finer sediment 
remotest from, the source of water which made the de- 
posites. May contain works of art. 

IV. Analluvion. Any detritus which has not been 
washed from the place of its first disintegration ; it be- 
ing the pulverized surface of the underlaying rock. 

GEOLOGICAL SYNOPSIS ; 

Exhibiting each stratum by a wood cut figure. 

All general strata, are arranged under their respective 
classes, or series ; proceeding from the bottom of each 
page to the top. 

Five classes of regular strata are adopted ; for the se- 

* Very absurdly called alluvion; as this is a generic term of long 
standing. 



condary class is, with great propriety, divided into up- 
per and lower, by late European geologists. This ac- 
cords with the distribution of strata fob fej^t of jf#ma- 
ry formations. 

The HxxwJ cut figures represent the strata of ^acl| se- 
ries or class. 

Anomalous deposits ar§ mpt classified ; because fte 
agreement in character, ainpng tj^m^ wil| ip$ a^ho*- 
ize any systematic arrangement* " 

The most important subordinate rocjts are ajepapted, 
in {his synopsis, from the regujar sews, If {? *&marjf- 
able, that the subordinate roclqs along the J5ri$ Qfftti) 
containing the salt, iron, and gypsum, t£C!Dj-tyt pfpceod 
from the northern primitive xocks^ between .JU&Jteji Qn- 
tario and Champlain (called McCojub? Mountains). 
In this locality of primitive Jo$]f% the n^a-slate, £aj- 
cose slate, granular quartz, and granular lime rock , 
are wanting. All of which are present in the Careen 
3VJt. range. The argiUite and first graywvte (jn- 
eluding transition red sand-stpne) are wanting between 
the primitive and lower secondary, ,4#4 the^e are all 
present in the series of rooks, proceeding feom the 
Green Mountain range frpm Pittsfield Mass. to ^Pitts- 
burgh in Pennsylvania, or to the state of OWp> along 
the south line of the state of New York. 
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Saody marble. 
A. Statuary marblo. 



Sandy quartz. 
A. Compact quartz. 



B. Slaty, Gneimeoid. 
* . Grsnitic, Sienitn, Por- 
phyry. 



A. Crystalline, Graphic 
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Adhesive clay. 

Clay marl. 

: 

Blueolnr. 
. 
Refractory clay. 
Pipe Clay. 
IV. SERIES. UPPER SECONDARY. 

'C. Chlorite oludk, green- 

13. Upper oolite. 

A. Corel rug, shell-grit. 
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SERIES AND 

Remark, I. I have removed the strata, which afford 
the salt, iron, gypsum, and hydraulic cement, from the 
regular series, and treated them as subordinates, with a 
view to relieve the student from embarrassment. Com- 
mencing near Utica they extend a great distance along 
the Erie Canal j but Lake Ontario is their northern 
limit, and they terminate in a cunei-form edge a few 
miles south of it. In several localities European geol- 
ogists have treated the saliferous and cement rocks in 
such a manner, as greatly to perplex their readers. 
From such perplexities the only relief is afforded by 
treating them as interposed strata, deposited in the 
middle of the lower secondary class, or third series. 

Remark, 2. I have been much perplexed, and have 
equally perplexed my students, with the lower strata 
of the lower secondary class. I find that the best Eu- 
ropean geologists are equally misled, and have misled 
their readers in this country, by mistaking the true po- 
sition of the cherty (corniferous) limerock. I intend to 
prepare an article on that subject for the Journal of 
Science, as soon as my time will permit/ At present,, 
I state the following : 

The shell-limerock at Trenton Falls, north of Utica, 
is the uppermost transition stratum, as appears by its 
embraced relics, and by other characters. The carbon- 
iferous slate (2d graywacke slate) overlays it on its 
western side, and extends by way of Utica to a fall on 
Starch-Factory Creek, five miles south of that city. 
This is the lower stratum of the lower secondary class, 
as appears from its organic contents. At the fall last 
mentioned, the millstone grit rests upon it. Those two 
strata may be traced until they are found to pass under 
the cherty limerock, which extends from Black Rock 
on Lake Erie, by way of Auburn through Madison 
county, Otsego county, to the top of the Helderberg 
at Pucker Street, 22 miles south-west of Albany. So 
far this rock continues at nearly the same general level. 
From the place referred to on the Helderberg it de- 
scends suddenly to the eastern foot of the mountain, 
and forms Bethlehem caverns. And though it is more 
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than twenty miles distant from the transition limerock 
at Trenton Falls, where it passes through the counties 
of Madison and Otsego, the distance between the two 
limerocks does not exceed the fourth of a mile in Beth- 
lehem ; and in Cat skill, Greene county, they come in 
contact. The millstone grit, the saliferous rock, the 
ferriferous rock, the hydraulic limerock, &c. which 
are interposed between them near Utica, having been 
totally discontinued — leaving. a stratum of the 2d gray- 
wacke (grit slate) about 60 feet thick at Bethlehem, 
and nothing to separate them at Catskill. 

From Catskill the transition and secondary limerocks 
extend south in contact by way of Kingston, and along 
the Hudson and Delaware Canal to Delaware river, 
and thence onward into the state of Pennsylvania. 

Similar parallelisms and divergencies have probably 
misled European geologists. Hence the confusion in 
different authors respecting their mountain limestone, 
transition limestone, cheity limestone. Jura limestone, 
metalliferous and carboniferous limestone, 

In our district the organized remains afford an all- 
sovereign remedy. After the most dilligent search, we 
find no interference in- the organized remains of the 
two rocks,' whether distant or jaear. I traced the cherty 
(corniferous) limerock, in company with my students 
in July, 1S31, from the top of the Helderberg to Penn- 
sylvania — a distance of one hundred and twenty miles. 
We learned thereby that the cherty limerock of Lake 
Erie embraces Bethlehem caverns and underlays all 
the coal-measures of Pennsylvania. Consequently the 
Alleghany and Catskill Mountains are chiefly 3d 
graywacke — being the lower part of the upper secon- 
dary class, or series IV. Our upper secondary rocks 
are always coarser, harder, and wear a more primitive 
aspect than their equivalents in Europe. But their or- 
ganized remains and order of superposition demonstrate 
their place in the system. 
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DESCRIPTIONS OF STRATA, ACCORDING 
TO THE FOREGOING SYNOPSIS. 

Class. I. Primitive or fast Series. 

1. Carboniferous or slaty, formation. 

Granite, is an aggregate of angular masses of 
quartz, felspar, and mica. Subdivisions. It is called 
crystalline (granite proper) when the felspar and quartz 
present an irregular crystalline, not a slaty, form 1 It is 
called slaty (gneiss) when the mica is so interposed in 
layers as to present a slaty form. Varieties. It i» 
graphic when the felspar is in a large proportion, and 
the quartz is arranged in oblong masses, so as to pre- 
sent an appearance resembling Chinese letters. It is 
porphyritic when spotted with cuboid blocks of falspar. 
This variety is peculiar to the slaty division. 

Localities. — McComb's Mts.* At West Point we 
find as extensive layers of crystalline granite, as at any 
place which I have visited. Here it always alternates 
with the slaty subdivision (gneiss. )| It is the same at 
Chesterfield, Goshen, Southampton, Russel, Litchfield, 
Norfolk, &c in Mass. and Conn. These and numerous 
other localities, seem to authorize the adoption of the 
opinion of De Witt Clinton, LL. D. Professor Nuttal, 
and several Europeans, who prefer including the gran- 
ite and gneiss of Werner under the general name gran- 
ite. Varieties. Sandy, at Little Falls. Porphyritic, 
in Johnstown, Montgomery county, N. Y., Litchfield, 
Connecticut; Chester, Massachusetts. Graphic, in 

* In the month of August and September, 1828, Lieut. Day, at the 
request of Dr. Zina Pitcher, collected a series of rock specimens from 
lake Huron to Montreal, on both sides of, and upon, the mountain ridge, 
which runs akmg the north side of the great chain of lakes. These 
specimens I have before me. Abo -a suit collected by Dr. Pitcher 
hinwelf, presenting the entire geology of the whole circuit of Lake Su- 
perior. I am now prepared to inform American geologists, that the 
McComb Mt range of primitive rocks extends in a northwest direction, 
forming the north-eastern boundary of the great lakes ; at least to the 
dwttiacf of one" thousand miles from the St Lawrence at Ogdensburg. 

f Lieut Mather of the Military Academy says, that he found no 
granite proper (crystalline granite) in the line of his transverse sec- 
tion from KHiingly to Haddam, Conn* nor in the Highland! on the 
Hudson, excepting beda and veins. 
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Litchfield, Conn, and Southampton mines. Contents. 
Steatite, and Serpentine in Savoy and Westfieid, Mass. 
Diallage, Lake George. Magnetic iron ore, Crown 
Point on Lake Champlain. Plumbago in beds almost 
co-extensive with the stratum. 

2. Mica-Slate, is an aggregate of grains of quartz 
and scales of mica. Subdivisions. Compact, when the 
slaty laminae are so closely united, that it will present 
an uniform smooth face when cut transversely. Col- 
umns, or piles, of hexagonal laminae of mica are some- 
times found in this subdivision. Fissile, when the la- 
minae separate readily by a blow upon its surface. 

Localities, Compact, on the Boston stage road be- 
tween Worthington and Chesterfield, and between 
Shrewsbury and Northborough, Massachusetts. Fissile, 
in Conway, Mass. Contents. Staurotide, Litchfield, 
and Goshen, Connecticut. Sappare, Chesterfield, Mas- 
sachusetts; Chatham, Connecticut. . Garnet, every 
where, and often plumbago. 

Hornblende Rock, is an aggregate, not basaltic, 
consisting wholly, or in part, of hornblende and felspar. 
Subdivisions. Granitic, when it presents the appear- 
ance of crystalline granite with hornblende substituted 
for mica. Slaty, when of a rifty or tabular structure. 
Varieties. Gfneisseoid, when it resembles slaty granite 
(gneiss) with scales of hornblende substituted formica. 
Greenstone, when of a pretty uniform green colour, and 
containing but a small proportion of felspar, generally 
of a slaty structure Porphyritic, when spotted with 
cuboid masses of felspar. SienUic, when speckled with 
small irregular masses of felspar. 

Localities. Slaty, east part of Becket, Mass. But- 
terhill, in the Highlands. Granitic, Dalton, MasB. 
Highlands, adjoining the granite. Varieties. Gneiss- 
eoid, Dalton, Mass. Butterhill, Highlands. Porphyritic, 
Conway, Plainfield, Buckland, Mass. SienUic, Clip , 
Hill, Johnstown, N. Y. and near Boston, Mass. Con- 
tents. Granite, in veins, Belchertown, Mass. Actyno- 
lite, Cummington, Mass. Augite, Lake George, N. Y. 
Rarely plumbago. 
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Talcose Slate, is an aggregate of grains of quartz 
and scales of mica and tale. Subdivisions. Compact, 
having the laminae so closely united that a transverse 
section may be wrought with a smooth face. When 
the quartzose particles are very minute and in a large 
proportion, it is manufactured into scythe-whetstones, 
called Quinnebog stones. Fissile, when the laminae 
separate readily by a blow upon the surface. Varieties. 
Chloritic, when coloured green by chlorite In some 
localities the chlorite seems to form beds ; or rather the 
rock passes into an aggregate, consisting of quartz, mica, 
talc, and a large proportion of chlorite. Vast beds of 
pure chlorite are embraced in this rock on Deerfield 
river, in Florida, Mass.* and in Windham. Vt. 

Localities. Compact, east side of Saddle Mountain 
range. Fissile, on the west side of the same range. 
Variety. It is highly coloured with chlorite in the 
east part of Savoy. Contents. Chlorite, in beds in 
Florida, Mass. containing octahedral crystals of iron 
ore, also, near Williams College, Mass. It contains 
gold in the Carolinas, and probably throughout its whole 
range by way of New- York, to Canada. 

Remark. These four Strata are mostly slaty. In 
truth the crystalline granite, granitic hornblende, and 
sienite, may be called beds, without doing violence to 
propriety or language. Plumbago, which is mostly 
carbon, is -found in beds in these strata — chiefly in sla- 
ty granite. As these strata alternate with each other 
continually, they may be considered as cotemporane- 
ous, and constituting one formation. f 

*I have examined the talcose slate of Florida, Mass., where it 
crosses Windham, Vt. It does, absolutely, pass into the soapstone 
quarry of that town ; which is green near its western side, eighteen 
miles west of Connecticut river. From fourteen to eighteen miles west 
of Connecticut river are the most extensive manufactories of this 
quarry stone, probably, in the world. This stone is certainly a com- 
pact variety of the talcose slate of Massachusetts, extending to this 
place. The beds of soapstone in slaty and crystalline granite, both 
at Westfield and Savoy, Massachusetts, are always connected with 
serpentine, and differ considerably in the silvery lustre of the scales 
of talc. 

t From the top of the Green Mt. in Vermont, to the Atlantic (a dis- 
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2. Quartzose formation. 

Granular Quartz, consists of grains 6f quartz 
united without cement Subdivisions. Compact, when 
it consists of fine grains, so as to appear almost homo- 
geneous ; generally in large rhomboidal blocks. Sandy, 
when the grains are so slightly attached as to be some- 
what friable. Varieties. Translucent, when it is so 
compact and homogeneous as to transmit light. Yellow, 
when slightly tinged with iron (probably a carbonate.) 
Ferruginous, when an aggregate of minute crystals is 
strongly coloured yellow or red with the carbonate or 
peroxyd of iron. 

Localities. Compact, adjoining the east side of Sad- 
dle Mountain range. Sandy, on the west side adjoin- 
ing the granular limestone. Varieties. Translucent, 
Snowy Mountains in Wallingford, Vt. Yellowish, most 
common. Ferruginous, Bennington, Vt. Pittsfield, Mass. 
Contents. Hematite, in Dalton, Massachusetts, three 
miles south of the village. Manganese, in Bennington, 
Vt. 

3. Calcareous formation. • 
Granular Limestone consists of glimmering grains 

of carbonate of lime united without cement. Subdivis- 
ions. Compact, when it consists of grains of nearly pure 
carbonate of lime, so closely united that it will take a 
polish. Sandy, when grains of quartz are aggregated, 
with the grains of carbonate of lime, but so loosely 
as to be somewhat friable. Varieties. Dolomite, 
when it consists in part of magnesia, and is friable. 
Verd-antique, when it is variegated in colour by the 
presence of serpentine, giving it more or less of a clou- 
ded green. 

Localities. Compact, Stockbridge, Mass. Sandy 
west side of Pittsfield, Mass., on the Albany stage 
road. Varieties. Statuary Marble, Stockbridge, Mass. 

tance of about 120 miles) the general alternations are as follows. Slaty 
granite occurs 4 times, mica-slate 3, honblende slate 7, talcose slate 7. 
Sub-aiternations are very numerous also. Dr. Emmons counted 20 
alternations of hornblende slate and talcose, in half a mile, in Chester, 
Mass. See Am. Jour. Sci. V. 17, p, 334. 
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Dolomite , Barrington and Sheffield, Mass., Milford, 
Conn. Contents. Tremohte, Canaan, Conn. Serpen- 
tine and chromate of iron, Milford, Connecticut. 

Class II. Transition or Second Series. 

1. Carboniferous or slaty, formation. 

Argillite, is a slate rock of an aluminous charac- 
ter, and nearly homogeneous, always consisting of ta- 
bles or laminae whose direction forms a large angle 
with the general direction of the rock. Subdivisions. 
Clay Slate, when the argillite is nearly destitute of all 
grittiness, and contains no scales of mica or talc. 
Wacke Slate, when it is somewhat gritty and contains 
glimmering scales of mica or talc. Varieties. Roof 
Slate, when the slate is susceptible of division into 
pieces suitable for roofing houses and for cyphering slate. 
Glazed Slate, when the natural cleavages are lined with 
a black glazing. — This variety contains anthracite coal 
and ferns, also a few animal remains near its upper sur- 
face.* 

Remark. I should not be disposed, at present, to op- 
pose an opinion, that toe have a primitive, and a transi- 
tion stratum of clay slate, in contact. Two miles west 
of Bellows' Falls, on the Vermont side, clay slate is 
wedged in between mica-slate on the west, and talcose 
slate on the east, agreeing in character with Williams- 
town mountain. The tables or laminae, are vertical, 
precisely agreeing with those of the enclosing rocks. 
The stratum is 2 miles in thickness. 

Localities. Clay Slate, Williamstown Mountain 
range, the bed and banks of the Hudson. Wacke Slate, 
overlaying the clay slate, most of the way from Massa- 
chusetts line to three miles west of Cohoes Falls, in 
New-York. As this slate takes the same inclination 

* We found a specimen of Orthocera in the glazed argillite at the 
north end of Troy ; but it was lent to the late Mr. Bogert of New- 
York, and unfortunately lost, before we had the means of ascertain- 
ing the species. A species of Terebratula and Mytilua are found in 
the wacke division in the bed of the Champlain Canal, between Wa- 
terford and the Mohawk. Also the Nuttainia concentrica, an Orthoce- 
ra, Trilobus, Encrinus, Pentacrinus, and tome vegetable impressions. 



FORMATIONS. 98 

with the clay slate, and differs widely from the horizon- 
tal (or 1st) graywacke; and as their meeting can never 
be ascertained, I have presumed to join them. Varie- 
ties. Chloritic. Both of the divisions are often colour- 
ed green by the chlorite in Rensselaer county. Roof 
SkUe. That which splits freely into roofing slate, 
Hoosic, Chatham, N. Y., Water Gap of Delaware riv- 
er, Pa. Glazed Slate, banks and beds of the Hudson 
from Fort Miller to near Newburgh. Water Crap of the 
Delaware. ChloriHc, red and purple, varieties frequent- 
ly occur near its junction with the primitive rocks. 
Contents. Silicious State, nearly black, and o( different 
shades of green, in the glazed variety at Troy and a 
few miles below Albany, in extensive beds. Basamte, 
in the glazed slate near Hudson, Troy and Albany. 
Anthracite, beds in Newport, R. I, in Worcester, Mass. 
in Fort Miller, Troy and Fishkill ; and in small quan- 
fk% jalong the Hudson River, for eighty miles. The 
borings at Ballston and Albany, about forty miles apart, 
are made in the same layers of argillite ; and carbona- 
ted water is found in both places* See Mrs. Griffith's 
Essays. 

2. Quartzose formation. 
First Graywackx, is an aggregate of angular 
grains of quartzose sand, united by an argillaceous ce- 
ment, apparently disintegrated clay slate, spangled 
with glimmering scales ; and is never above the calcifer- 
erous sand rock or metalliferous lime-rock. Subdivis- 
ions. Graywacke Slate, when the grains are so fine as 
to give the roek a homogeneous appearance, and is 
susceptible of division, into thick or thin tables, by nat- 
ural cleavages. Millstone grit and grey rubblef when 
the grains are in part coarse, and more or less conglom- 
erate, either white or grey, often very hard. Both 
subdivisions are often coloured green by chlorite. 

* Rubble being an uncouth word, but too well established to be re- 
jected, I will state : that in common English it signifies a hard grey 
stone, in roads, of a spheroidal form, which causes the rumbling and 
jolting of carriages. Kirwan calls these stones, common graywacke, 
as opposed to graywacke slate. 

10 
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Localities. The slate is nearly horizontal, and lies 
immediately on the inclined edges of the argillite,* 
-from Canada to Georgia. It is remarkably curved and 
bent on the Mohawk, between the Cohoes and Sche- 
nectady, at Saratoga Lake, and at the entrance of the 
Delaware and Hudson canal. This irregularity in the 
direction of the layers, seems to be the result of a (crys- 
talline) tendency of the two rocks to maintain their re- 
spective directions. Millstone grit, the whole of Shaw- 
angunk Mts. Gray Rubble, the highest ridges between 
Massachusetts line and the Hudson. Contents. Milky 
quartz in the eastern jlart of Rensselaer county, accom- 
panied with chlorite. Calcareous spar and disseminated 
anthracite (never in beds) throughout its whole extent. 
It becomes an excellent quarry stone in many localities ; 
and in others it is brittle and irregular. Often relTand 
sandy. 

3. Calcareous formation. - '. 

Sparry Limerock, consists of carbonate of lime, 
intermediate in texture between granular and compact ; 
and is traversed by veins of calcareous spar. Subdi- 
visions. Compact j when the masses or blocks, between 
the veins of spar are sufficiently homogeneous and uni- 
form to receive a polish. Slaty, when the rock is in 
slaty tables or laminae, with transverse veins of calca- 
reous spar. This rock is often cut into very small ir- 
regularblocks by the spar, which gives it the name of 
checkered rock. 

Localities* Compact, about New-Lebanon Springs. 
Slaty, three miles south of the springs on the Hudson 
turnpike. Variety. Checkered rock, on the Little 
Hoosick, and near New Lebanon Springs. Contents. 
Chlorite and Calc spar, every where. 

Calciferous Sandrock, consists of fine grains 

* The European books tell us of a change in the direction of strata 
at the meeting of the lower and upper secondary — in which the latter 
rests horizontally on the inclined edges of the former. In North 
America, this change takes place at the meeting of the Argillite and 
first Gray wacke. All our strata, above that meeting, are nearly hor- 
izontal. 
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of quartzose sand and of carbonate of lime, united with- 
out cement, or with an exceeding small proportion. 
Subdivisions. Compact, when the rock is uniform, or 
nearly so, without cells or cavities. Geodiferous, when 
it contains numerous geodes, or curvilinear cavities ; 
which are empty or filled with calc spar, quartz crys- 
tals, barytes, authracite, or other mineral substances 
different from the rock. Varieties. Oolitic, wlien it 
consists in part of oolite, of a dark colour, and harder 
than the kind which is common in the lias or oolitic 
formation of Europe, New-Jersey and Ohio. 

Localities. Compact, Flint Hill. Geodiferous, at 
Flat Creek, west of the Noses. Varieties. Oolitic, 
near Saratoga Springs. Sparry, at Flat Creek. Quart- 
zose, on the north side of the Mohawk, opposite Flat 
Creek. Contents. Concentric concretions, near Sara- 
toga Springs. Sulphate of barytes and anthracite, on the 
West Canada Creek, six miles above its mouth, also at 
Little Falls. Semi-opal, connected with the quartzose 
variety. Brown spar and Hornstone, at Flint Hilh 
Coarse agate in large quantities, and fine fortification 
agate in small quantities, at Flint Hill, and in the north 
hill opposite Spraker's Basin on the Mohawk. Also nu- 
merous quartz crystals with pyramids at each end and 
containing anthracite, in the same locality and near Rens- 
selaer School in Troy, in some, anthracite is seen 
floating in a limpid liquid. 

f Metalliferous Limerock, consists of carbonat* 
of lime in a homogeneous state, or in the state of 
petrifications. Subdivisions. Compact, when it con- 
tains but few petrifactions and is susceptible of a polish. 
Shelly, when it consists of petrifactions, chiefly. Va- 
riety. Birdseye marble, when the natural layers are 
pierced transversely with cylindric petrifactions, so as 
to give the birdseye appearance when polished. 

Remarks. These three calcareous rocks, though 
very distinct in some localities, often pass into each other; 
aud may, perhaps, be considered the same simultaneous 
deposite. But the lower side of this last described reck 
is mostly compact ; and the upper and lower side differ 
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ill their organized remains. The lower side contain* 
the encrinns transversa*, lithodendron dichotomnn and 
plicatnm, and others, which I hare not found in the ep- 
per tide. The upper side is shelly, and contains Fnn- 
gia discoidea and polymorpha, and others which I bare 
not found in the lower side. 

Localities. Compact, on East Canada Creek, Otsqna- 
go Creek, and west of Little Falls. Shelly, Trenton 
Falls, north of Utica, Glenn's Falls, twenty miles north 
of Saratoga Springs. Variety. Birdseye marble, is the 
compact, to which, when polished, the vertical encrin- 
ites give a birdseye appearance. 

Class III. Lower Secondary or Third Series. 

Remark. Second Graywacke is an aggregate of grains 
of qoartzose sand, less angular than those of first 
graywacke, and generally contains some fine grains of 
limestone, it can scarcely be distinguished from first 
graywacke in hand specimens ; bat it is always above 
calciferons sand rock and metalliferous ' lime rock. It 
is divided into the grit slate (2d graywacke slate) con- 
taining small quantities of coal ; and millstone grit and 
rubble. It is therefore properly referred to the first 
and second formation of this series. 

1. Carboniferous, or slaty formation. 
Second graywacke slate, is sometimes gritty, and 
contains a few glimmering seals ; but it is often a soft 
sjate and dark brown. It rests upon the shelly kind of 
transition limerock, and is the lowest of our secondary 
strata. It contains thin layers of coal, of the anasphal- 
tic kind in this country ; but does not seem to be dis- 
tinctly described in European books. Localites. The 
city of Utica stands upon this rock ; and it extends un- 
broken from Salmon River, on Lake Ontario, to Little 
Falls. Then inclining around the Falls on the south 
side, extends into Albany county. See Remark 2d, fol- 
lowing the synopsis, 

2. Quartzose formation. 

Millstone grit and rubble are composed of qoart- 
zose pebbles and grains cemented together ; often very 



FORMATIONS. W 

hard. They can scarcely be distinguished, in hand spe- 
cimens, from the grit and rabble of first graywacke. 
Localities. The millstone grit may be traced from Lake 
Ontario to Utica, overlaying the second gray wacke slate, 
See Remark 1, and 2 following the synopsis. 

Remark. A distinct stratum called old red sandstone, 
and another called millstone grit, hare been given by 
most geologists. But the latest European geologists very 
properly reject them. Because the red sandstone is 
found passing into all the three graywackes, and the 
millstone grit is found passing into all the three grey 
rubbles ; not as strata meeting at their surfaces, but as 
continuous rocks. I shall, however,, describe the red 
saliferous rock in its proper place, as separate from the 
second gray wacke ; though I may hereafter follow those 
who may unite it with the second gray wacke. 

3. Calcareous formation. 

Geodiferous Limerock, consists of carbonate of 
lime, combined with a small proportion of argillite or 
quartz in a compact state, mostly fetid, and always 
containing numerous geodes. Subdivisions. Swinestone, 
when it contains very little or no quartzose sand, is ir- 
regular in structure, fetid and abounds in geodes. Sandy f 
when it contains quartzose sand, is stratified, scarcely 
fetid, and contains but Jew geodes. 

Localities. Swinestone is found in the bed and the 
banks of the Erie canal near Genesee river, and ex- 
tending one mile east. The canal at Lockport is cut 
through this rock to the depth of nearly thirty feet for 
two miles. It forms the upper part of Niagara Falls to 
the depth of seventy feet. The fiandy division over- 
lays the swinestone. Its characters are well exhibited 
at Black Rock, immediately* under the corniferous 
limerock. Here it contains malachite and magnesia, as 
constituents. Specimens of this rock, after lying a year 
in a damp cellar, shoot out numerous crystals of Epsom 
salts. — Varieties. The jetid can scarcely be consider- 
ed a distinct variety. The darker the colour, the more 
foetid the odor. Contents. The geodes contain sulphate 
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of strontian, granular gypsuum, laminated selenile, an* 
Asjtdrons gypsum, fluor spar in limpid cube9, arragonite, 
dog-tooth spar, brown spar, and waxy blende. Galena 
has been found in small masses imbedded in this rock, 
and bitumen has been observed in exudations upon its 
surface, and in geodes. 

Corniferous Limerock, consists of carbonate of 
lime, embracing hornstone, and numerous species of 
petrifactions, called stonehorns (Cyathopyllum). Sub- 
divisions. Compact, when the rock is close-grained ; 
and it generally contains hornstone in layers. Shelly, 
when it consists of shells and contains hornstone in no- 
dules or irregular masses. 

Localities* Black Rock affords an excellent locality 
of the compact, and Auburn, behind the state prison, 
- presents a most perfect locality of the shelly. This stra- 
tum has been traced from Lake Erie to the Helderberg 
in Albany county. It has been traced up the Cayuga 
and Seneca Lakes ; and from the head of the latter, up 
Catharine Creek. But it has not been traced under the 
Tioga coal beds ; though Mr. Hughes found it at a level 
which seemed to demonstrate that it must run several 
hundred feet beneath that formation. If so, the anas- 
phaltic coal of Carbondale and the bituminous coal of 
Tioga, are in the same carboniferous formation. Its 
remarkable descent at the Helderberg, gives us a solu- 
tion of the problem proposed in the preceding edition. I 
meaja, that this rock covered a district along the south 
side of the canal line about 30 or 40 miles in breadth, 
at an elevation, no where observed in Pennsylvania, 
consequently its farther extension or termination deman- 
ded a solution on Wernerian principles. See 2d Remark 
afterjsynopsis. 

In Europe coal contains more or less bitumen in the 
same stratum. The proportions of bitumen are so vari- 
ble, that it does not imply anomaly to suppose, that the 
anasphaltic coal of Carbondale and the bituminous coal 
of Tioga, belong to the same carboniferous formation. 

This stratum is called carboniferous limestone by 
Coiiybeare — a name both inappropriate and unnecessary 




FORMATIONS. 79 

accordiog to Bake well and common sense. Carbonif- 
erous should be limitted to the slate containing coal. 
Besides, the primitive, the transition, the corniferous 
and cherty, limerocks are overlayed alike by slate 
containing coal. It is often confounded with transi- 
tion limerock (metalliferous of Bakewell) when the in- 
terposed strata are wanting. But the two strata are 
remarkably distinct if attentively examined, in refer- 
ence to their respective organic relics, their texture, 
and relative positions. 

Class IV. Upper Secondary or Fourth Series* 

Remark. Third Graywacke, is an aggregate of grains 
of quartzose sand and pebbles, less angular than those 
of first and second gray wackes, and generally contains 
fine grains of limestone ; and contains iron pyrites at 
greater or less intervals, therefore called pyritiferous 
slate and grit. It is always above the cherty limerock. 
1. Carboniferous or slaty formation. 

Third graywacke slate, is sometimes gritty ; but 
often soft. It rests on the carboniferous limerock of 
Foreign Geologists, who often call it grit-slate — also 
carboniferous slate, as it embraces the great coal-meas- 
ures. 

Localities. On the south shore of Lake Erie, on both 
shores of Seneca and Cayuga lakes. It embraces the 
bituminous coal of Tioga, and the bituminous shale and 
thin layers of the same coal near the heads of Cayuga 
Lake, Lake Erie, &c, also the great anasphalti* coal 
beds of Pennsylvania, as appears by careful investiga- 
tion made in the summer of 1831 during the annual tour 
of Rensselaer School. Nodules of a kind of wacke are 
often found in the soft slaty kinds, which contain bitu- 
men in a waxv state. 

2. Quartzose formation. 
Millstone Grit and Rubble, are composed of 
quartzose pebbles and grains, cemented together ; often 
very hard. They can scarcely be distinguished in 
hand specimens, from the grit and rubble of the first 
graywacke. 

Localities. Millstone grit and rubble form the upper- 
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most deposite of most of the high ridges of the Allegany 
and Catskif) Mountains. It is often wanting in the lower 
parts, leaving the next calcareous deposite to rest im- 
mediately on the third gray wacke slate or grit, as near 
Pucker street on the Helderherg. 

3. Calcareous formation. 
Oolitic Rocks, are aggregates, which contain 
more or less of carbonate of lime of an earthy texture, 
either compact and white (chalk), sandy and greenish 
(chlorite chalk, green-sand) in minute concentric spheres 
(oolite) combined with fine grains of quartz, (silicious) 
or made up chiefly of fragments of coralline (coral rag); 
Localities, Silicious limestone is found in place, in 
fields or in large boulders, every where on the western 
ridges of the Alleghany, over the third gray wacke. They 
are generally dark-brown or black, and the limestone 
part is disintegrated at the surface, leaving the quartz 
only ; which seems to be blackened by the disintegra- 
tion of the pyrites. It appears to be a variety of the 
pyritous grit ; being the lowest of the calcareous de- 
posite resting on the 3d gray wacke at Lake Erie and oth- 
er places. Oolite has been found in the town Franklin, 
Bergen county, N. Jersey, by Dr. Horton — also in Ohio 
state. The white chalk has not hitherto been found in 
America : but it abounds in various parts of Europe, as- 
sociated with the silicious limestone and oolite. Chlo- 
ritic chalk, called green sand, is found in large beds in 
the marly clay of New Jersey, near Middletown Acad- 
emy, fee. It contains organized remains peculiar to the 
upper secondary series, (as ably shewn by Dr. Morton). 
As a few tertiary relics are found in it also, and as it ap- 
pears to be embraced in tertiary marl, these masses of 
green sand seem to be upper secondary deposit es em- 
braced in the tertiary ; a common occurrence among 
approximating strata. The coral rag of Coral Cave on 
the Helderberg, and the underlaying grit-slate and shell 
grit, and the grit-slate of Livingston cave, are very in- 
teresting and instructive. The millstone grit of this se- 
ries is wanting on this part of the Helderberg ; but the 
calcareous formation is very perfect. The slate which 
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embraces the coal of Carbondale, can scarcely be traced 

to this place ; though its underlaying chert/ limerock is 

(he same, (called carboniferous limerock by Conybeare).- 

Class V. Tertiary, or Fifth Series. 

1. Carboniferous formation. 

Plastic Clay, that kind of clay, generally call- 
ed potter-baker's clay, which will not effervesce with 
acids. When it is white it is called pipe-clay. 

Localities. On the south side of the Bay of Amboy in 
N. Jersey in a vast stratum of many miles in extent. It 
appears near the water-edge of Lake Champlain at 
Crown Point, &c. The pipe-clay variety is seen, like 
a bank of snow, at the west end of Amboy Bay. 

Marly Clay, that kind of clay, which will effer- 
vesce with strong acids. It overlays the plastic clay 
aforesaid, when it embraces, near its lower surface, the 
lignite, iron-stone, bog-ore, iron pyrites, &c. Farther 
east (in New-Jersey) it embraces a kind of marl, as it is 
called (green sand or chlorite chalk) which contains nu- 
merous animal remains, vertebra ted and invertebrated. 
The marly clay does not often contain organic relics. 
Even in New-Jersey it contains no organic relics, where 
the marl-beds are wanting. The iron, both bog-ore, 
and iron-stone, are found in all parts of this stratum 
from Lake Champlain to Green county, on the west 
side of the Hudson, a distance of about 100 miles. 

Dualities. This stratum is almost universal. It is 
found in every part of the earth when it is sought in 
situations where it is not subject to be washed away. 
It always, probably, contains muriate of lime ; conse- 
quently, all wells dug in it contain hard waters. 

Marine Sand and Crag. The sand consists of 
fine grains of quartz, not united by adhesion or cement ; 
but in loose masses which may mostly be poured — the 
crag consists of pebbles, clay and loam, either united by 
carbonate of lime or iron cement, as pudding-stone ; by 
clay and iron cement, as the hard-pan ; or not united, 
being merely stratified gravel ; or united by adhesion, 
as the arenaceous coucretions near Troy on Green Isl- 
and. 

11 
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Localities. The marine sand occupies a broad strip 
od the west side of Hudson river, from near Lake Cham- 
plain to Green county ; a distance of one hundred miles— 
also the north part of New-Jersey, most of the eastern 
part of the Southern States, the valley of the Missis- 
sippi, excepting where the diluvion and post-diluvion 
have been substituted, &c. According to Dr. £. James, 
the marine sand and crag extend over about four hun- 
dred thousand square miles of the great desert between 
the Mississippi and the Rocky Mountain?. 

Shell-marl, is ia insulated or continued layers, 
fields, or patches, in almost every part of the earth. It 
generally reposes on marine sand or crag in all bottom 
grounds ; particularly in gray wacke districts, as in eve- 
ry part of the Catskill and Alleghany range. It is still 
more abundant in the western valleys of New York, 
Mississippi, &c. It may be seen in depressions on prim- 
itive rocks, as in Pittsfield, Mass., &c. It consists chief- 
ly of broken, pulverized, and entire shells, of the genus 
helix (genera helix t planorbis, and lymnea of Lamarck.) 
Calcareous tufa is often in beds in the shell-marl ; which 
proves it cotemporaneous with it. Consequently the 
embraced plants of this tufa are antediluvial. But tuf a 
is now forming in many localities. 

Subordinate Series, embraced in the third Regular series. 

{Lower Secondary). 

Remarks. [See Remark next after the Synopsis.] 
These three strata embrace some of our most useful 
minerals. Salt, gypsum, iron, hydraulic cement, are af- 
forded by them in unlimited quantities. Stretching along 
the banks of the great Erie Canal, for about two hundred 
miles, they are the source of incalculable wealth. 
Their equivalents are found in Europe ; excepting that 
this iron formation is there found in limited beds only. * 
It being a narrow strip, of great length ; to give it a 
regular place in jthe general series, is calculated to con- 
fuse the student. 

1. Carboniferous and quartzose formation. 

Saliferous Rock, cousists of red, or bluish-grey, 
sand or clay-marle, or both. The grains of sand are 
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mostly somewhat rounded, and all the varieties of this 
rock, in some localites, form the floor of saltmines and 
salt springs. Subdivisions. Marl-date, when the rock 
is soft slaty, and contains minute grains of carbonate of 
lime. Sandy, when it is solid blocks or layers, consis- 
ting of red or bluish-grey quartzose sand. Varieties. 
Grey-band, the uppermost layers of bluish-grey sand- 
rock. Conglomerate, (breccia) consisting chiefly of roun- 
ded pebbles, red, grey, or rust-colour, as under the su- 
perincumbent rocks at Mount Holyoke, the Palisadoes, 
on the Hudson river, &c. 

Localities. Its bassetting edges lie directly on the 
millstone grit. Both divisions, and all the varieties, but 
the conglomerate, may be seen at Genesee Falls and in 
the banks of the Niagara river ; also at Oak Orchard 
Creek. The conglomerate and sandy varieties are seen 
on the Connecticut river, and at New-Haven under the 
bsaalt ; also on the Hudson above New-York under the 
Palisadoes, and on Catskill 4 Mt. Salt springs are found 
in it every where west of Rome ; but none have been 
discovered under the basalt of this country. 

Remarks. I do not know, that I am authorized ; 
but I am inclined to treat as equivalents, the red sand- 
rock and breccia under the basalt, at Mineral Hill in 
Blenheim, and on Catskill Mt. I find the encrinus gig* 
anteus in all of them ; though the whorls are often in- 
distinct or not manifest. They are most perfect at Oak 
Orchard Creek. 

2. Quartzose and slaty formations. 

Ferriferous Rock, is a soft, slaty, argillaceous, 
or a hard, sandy, siliceous, rock, embracing red argilla- 
ceous iron ore. Subdivisions. Slaty t consists of green, 
or bluish green, smooth soft slate, generally immediate- 
ly under the layer of red argillaceous iron ore. Sandy , 
consists of a grey, or rusty-grey, aggregate of quartzose 
sand rock, in compact blocks or layers, overlaying or 
embracing red argillaceous iron ore. Variety. Con- 
glomerate, consists of rounded pebbles, cemented to- 
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getber by carbonate or oxyd of iron, or adhering with 
out cement. 

Localities. It reposes on the saliferous rock every 
where west of Little Falls. The sandy division lies 
over the slate, and a layer of red argillaceous iron ore, 
about a foot or a foot and a half in thickness, lies be- 
tween them ; or alternates with the layers of one or 
both. The slaty division is generally green or blue, and 
very soft. The sandy division is harsh, coarse, and 
often conglomerate at the top. The softest variety of 
the iron ore is called reddle, and is used as a paint. 

Remarks. This stratum is at least, two hundred 
miles in length from east to west, and about twenty 
miles in breadth. The iron is easily separated or re- 
duced, from the ore ; and is excellent for castings. 

3. Calcareous formation. 
Lower Lias, is an argillaceous limestone, with 
an admixture of magnesia, iron, and finely pulverized 
'quartz ; forming a compound of homogeneous aspect. 
Subdivisions. Argillaceous, when it approaches the 
character of clay slate. Calcareous, when it approach- 
es the character of limestone. On burning and mixing 
as in the manufacture of mason's mortar, it becomes a 
solid cemety under water. Liasottis a better name. 

Localities. It extends along the stage road from about 
30 miles west of Utica to near Genesee river ; a dis- 
tance of about 130 miles — also at Lockport in a slaty 
form under geodiferous limerock. Here it embraces 
the Brongniartia platy cephala. Contents. [Gypsum and 
the vermicular limestone are found in beds in this rock 
and the Saliferous All may be seen at Manlius Centre, 
along the south bank of the canal. Shell limestone beds 
are common in this stratum. One of the best localities 
is between the lower Genesee Fall and the one next 
above it, on the west side. 

Remark. This stratum I call Lower Lias, because it 
presents all the characters of the genuine lias of Europe, 
is made up of the same constituents, subserves the same 
useful purpose as hydraulic cement, and has received 
this name from the manufacturers. But it does not hold 
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the same place in the order of superposition, and does 
not embrace the same organized remains. The most 
compact and useful variety contains no organic fossils ; 
hut it passes upwards, into a slaty variety, and embra- 
ces beds, both of which abound in them. Pseudomor- 
phous crystals, imitating those of muriate of soda (com- 
mon salt) four inches across, are found in a soft variety 
of it at Manlius Centre in the bank. 

Remark 2, The three strata, which constitute this 
subordinate series, are nearly co-extensive in length 
and breadth — the saliferous exceeding the other two, by 
a few miles. The whole series may be considered as a 
sabre-form mass, with the south edge compressed be- 
tween the quartzose and calcareous formations of the 
third series (lower secondary) and the north obtuse edge 
cropping out near Lake Ontario. 

ANOMALOUS DEPOSITS. 

I. Volcanic. Subdivisions. Basalt, which is called 
Amygdaloid, when amorphous, of a close texture, but 
containing cellules, empty or filled. When the amyg- 
daloid has a warty appearance and resembles slag, it is 
called toadstone. Basaltic breccia, or trap-tuff, is*a name 
given to underlaying rocks, consisting of pebbles and 
angular grains cemented together ; sometimes made up 
of basaltie grains mixed with red sand-stone. Columnar 
basalt, is presented in prismatic polygons more or less 
regular. The texture is more granular than amygda- 
loid, and less so than trap-tuff. The felspar, and often 
quartz grains, may be distinguished from the horn- 
blende base. 1 rap-basalt, resembles the columnar, 
but is generally in the form of blocks, and in irregular 
fragments not columnar in form. Lava, is any volcanic 
production, of recent origin. The chief kinds are 
Brown lava, when dark-coloured and nearly homogene- 
ous — Breccioid lava, when it consists of cemented grains 
or pebbles — Trachite* lava, when white or grey ; con- 
sisting chiefly of melted felspar, as pumice, &c. 

Localities, Of the basalt every variety, and almost 
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every imbedded and every dissseminated mineral, may 
be seen at Deerfield and at Mount Ilolyoke in Massa- 
chusetts ; at New-Haven in Connecticut, and at the Pal- 
isadoes on the river Hudson. It appears from the ob- 
servations of Dr. Z. Pitcher, and of Mr. Schoolcraft, 
that it once existed in large quantities on Lake Superior; 
and Dr. E. James found numerous table rocks of basalt 
between the Mississippi and Rocky Mts. The lava in 
all its varieties, is in abundance at Vesuvius in Italy. 

The order of superposition when all these kinds are 
present, is as follows : Columnar at the top ; Trap im- 
mediately under the columnar ; Armygdaloid next ; Trap- 
tuff at the bottom, resting on red sand-stone.* 

Diluvion. Deposites made by the deluge. Subdi- 
visions. Proper diluvion, along the Erie Canal, from 
Little Falls to near Genesee River — also under the city 
of Troy south of the culvert. Ultimate diluvion, in all 
the ancient elevated forests of New-Hampshire, Ver- 
mont, Connecticut, &c. 

Unstratified Detritus. 
III. Post Diluvion. Subdivisions. Gravel or pebbles 
forty feet in depth, from the bed of the Hudson from the 
head of tide water at Troy to near Albany. Seven miles 
below sediment more or less fine is seen in the bottom 
of the river. Dr. Hayden, of Baltimore, has given 
numerous localities of this kind, without any other ob- 
ject than that of giving us simple truth. 

Works of ?rt are found in this formation, which dis- 
tinguish it from diluvion. It is a curious fact, that no 
works of art are found in the diluvion. It seems to prove, 
that durable works of art were not common before the 
deluge; and that pasturage was the chief employment 
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IV. AnalluviOxV. This is the detritus, formed by 
the disintegration of the exposed surface of all rocks 

* I reject the name Greenstone-trap, as applied to basaltic trap rocks 
in obedience to the request of Messrs. Jackson and Alger of Boston. 
In truth I hare derived more instruction on the subject of basalt from 
the Geology of Nova Scotia, published by those gentlemen, and an 
accompanying suit of specimens, than from all other sources. 
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and remains on or near the place of disintegration. 
Subdivisions. Argillaceous, when the detritus is tine 
and adhesive. Granulated when in coarse grains, or 
friable. The character of the soil thus made depends 
on the character of the disintegrated stratum. This is 
the only kind of soil, which is dependent on the underlay- 
ing rock for its character. 

PROOFS. 

General Remarks, corroborating the natural distribu- 
tion of regular geological deposits into Jive series ; each 
terminating in a Calcareous formation. 

First Series, Primitive Rocks* 

This is truly a natural assemblage ; as all the rocks 
ore destitute of organized remains. The lower (slaty 
and carboniferous) formation embraces four rocks which 
are distinct in their constituents and structure ; but these 
are manifestly cotemporaneous. They alternate with 
each other continually foot at their approximating sides 
only, like other rocks) and present every form of alter- 
nation, and all contain carb aaoEe -of iron. It is true that 

A 

granular quartz is not always found as the middle forma- 
tion ; nor granular lime rock as the terminal one. If 
this is an objection, geology cannot be retained as a sci- 
ence ; for every stratum, exceptingesgCs, hornblende 
rock, and the upper limerocks, are wanting in some lo- 
calities. All that Werner's first views promised, and 
nil that our latest geologists now promise, amount to 
this : *' whatever strata are present in any part of the 
earth, they are governed by an undeviating law of su- 
perposition. " This doctrine is founded on the universal 
law that similar* depositee, which were ever made on 
any part of the earth were made at the same time. 
But that most depositcs are omitted in some places ; or 
they were removed by water or otherwise, before they 
became sufficiently indurated to retain their first posi- 
tions. Alternations of portions of strata, at their approx- 
imating sides, is a universal phenomenon. If we can- 
not assign a cause, the admission of the fact does not mili- 
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Equivalent strata is ihc more common expression, now in use. 
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tate against the general position, that regularly alternating 
depositee are cotemporaneous. 

In this country granular limerock extends unbroken 
from Pennsylvania far intd Canada; a distance of at 
least five hundred miles. Throughout the whole ex- 
tent, the granular quartz is uniformly interposed between 
it and the primitive slate rocks, on the eastern side, and 
the argillite forms its western boundary. 

It is true, that granular limerock and granular quartz 
alternate with the primitive slates, particularly with fa/- 
cose slate, near Williams College and Adams ; and the 
same occurs in Europe according to De La Beche. 
Argillite, (clay slate) too, is wedged in between talcose 
slate and mica-slate, two miles west, of Bellows Falls, 
similar to localities represented in the Synopsis of De 
La Beche. But Argillite, similarly situated in Worces- 
ter, Mass. contains anthracite and impressions of ferns. 
And it is in accordance with all opinions to treat argil- 
lite as the more recent deposit, geologically the highest ; 
therefore it may have a descending series of primitive 
rocks on each side. This supposes a primitive range 
interposed between each of the four north and south 
ranges of argillite in New England. The same rules 
must be applied in explaining the alternations of granu- 
lar limerock and granular quartz ; after their true posi- 
tions have been shewn by a strip of country five hun- 
dred miles in length and from four to ten miles in 
breadth. 

Second Series. Transition Class, 
We should examine the calcareous termination of 
each series, when we would attempt to draw conclu- 
sions relative to their respective characters. In the 
transition class (and the rule applies to all the classes 
above the primitive) a few organized remains, which 
are similar or nearly related to each other in character, 
are found in the first and last formations. In the wacke 
variety of argillite we find the Nuttainia concentrica in 
great numbers at Watcrford N. Y. and we find ^appa- 
rently equal numbers in transition limerock at Glenn,'* 
Falls. In the same limerock we find the Flustra car- 
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ba9eoides, also on the east shore of Lake Champlain ; 
and we find, id the silicious slate imbedded in argillite, 
the same genus, and, I believe, the same species, in the 
t:ity of Hudson on the bank of the river. But we find 
no organized remains in the interposed millstone grit- 
neither do we find any of the relics of this series above 
transition limerock. 

The student should be told, that all species of organ, 
ized remains found in one stratum are not to be expect- 
ed in similar strata or similar series. Living animals or 
plants are not common to all similar climates or soils. 
But if we find .one similar species in two rocks, these 
are to.be considered nearly contemporaneous— or rath- 
er to have been deposited between the periods of two 
of those catastrophies, which swept animal and vegeta- 
ble life from the earth. Such catastrophies were prob- 
ably the effects of heat ; as we are acquainted with no 
other agent which would have charred the vegetables 
and destroyed all animal life of both sea and land. 

It is somewhat difficult to determine the limit of the 
calcareous formation of the transition class, upwards. 
We find resting upon the first graywacke, a calcareous 
rock traversed and checked by spar — over this is a rock 
consisting of variable proportions of calcareous rock and 
quartzose sand — the last is covered by compact and 
shelly limerock. Though these three strata differ in 
striking external characters, they are all well charac- 
terized by the presence of carbonate of lime. They all 
seem to have been called Carboniferous limerock by 
Conybeare, in some localities ; in others he unites cher- 
ty limerock with them, and in others confines this name 
to the cherty alone. The limited localities to which his 
observations were confined caused this confusion ; as his 
observations are exceedingly accurate, when his field 
of observation was sufficiently extensive. In North 
America the merest novice will not fail to unite the three, 
and separate the cherty — the former being the upper 
limit of the transition, and the latter the upper limit of 

the lower secondary class. 

12 
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Third Series, Lower Secondary Class. 

Immediately below the transition limerock De La 
Beche, and other foreigners, place a gray wacke slate, 
similar to oars above; as that, on which Utica stands.* 
This rock contains bat little coal. In it are {bund some 
vegetable fossils. Here we find the Brongniartia carci- 
nodea, in the carboniferous slate, at the Cold Spring. 
Next above this slate, we find, here, a common gray- 
wacke (called rabble by Kirwan) which passes into mill- 
stone grit. It extends from near Utica to Lake Ontario, 
and is the true quartzose formation. It passes into red 
sandstone in some places. It is overtaxed by the sub- 
ordinate rocks, containing, salt, gypsom, &c. The 
Corniferoas limerock terminates this series. It aboands 
in most interesting petrifactions. Europeans call it cher- 
ty, mountain, ^ur^ carboniferous, &c. None of its or- 
ganic remains are found above it ; though many of them 
are found below it in the same series, and none below 

r 

the series. Productus depressus, is a strong case. 
Fourth Series. Upper Secondary. 
Immediately above the Corniferous limerock (called 
Carboniferous, Mountain, Cherty, &c) we find 3d gray- 
wacke slate (called slate clay, coal grit, grit slate, &c.) 
embracing the great coal measures of Pennsylvania, both 
bituminous and anasphaltic. This is the true carbonif- 
erous slate. It presents numerous vegetable impress- 
ions ; and is overlayed by slate grit (or gritty gray- 
wacke) containing invertebral animal remains. Most of 
these rocks contain magnesia ; as appears from the con- 
tinual production of sulphate of magnesia, in a state of 
efflorescence. The quartzose formation comes next in 
the form of Millstone grit, red grit, red conglomerate, 
rubble, red sandstone, &c. The calcareous formation 
appears at the end of this series, as calcareous grit, 
Coral rag, Oolite, Chloride chalk (or green sand). The 
Asaphus hausmannii is found in Coral rag, and in the 
calcareous grit below. As it is not found above or be- 
low this series, it proves its strata to be nearly cotetn- 
poraneous. 

* No European understands his own graywacket. See page 93. 
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Fifth Series. Tertiary. 

Stratified, or slaty, clay, is the lowest of the upper- 
most regular series. Lignite (wood imperfectly char- 
red) is embraced in the clay in some localities. Along 
the south shore of Amboy Bay, it appears in great quan- 
tities and very perfect. Quartzose sand and crag /are 
found over the clay (probably of marine origin). Rare- 
ly, if ever, contains organic relics, in America. Cal- 
careous shell marie, when present, is the highest of all 
regular deposits. It consists chiefly of loose shells and 
fine fragments of them. Scarcely any relics are found in 
it but Heliciteso Often it alternates with stratified tufa, 
containing impressions and castings of lichens. This se- 
ries is not so well supported by organic remains, as 
the preceding. But being almost universal in depress- 
ions, though such depressions may foelbn the highest 
mountains, analogy seems to be sufficient to entile it to 
a place in the system. 

From this view of the subject,. it appears that slate 
forms the lowest deposite in every series, and contains 
carbon in some localities in the state of graphite, anthra- 
cite, coal, or lignite. And that a calcareous deposite 
terminates every series. In all the five series, excep- 
ting the first, the lowest formation contains vegetable 
fossils, which grew on the preceding limerock, or, its dis- 
integrated soil ; also that the terminating deposit con- . 
tains organic relics, some of. which, are. found in the low- 
er formation, unless the fifth series forms an exception. 

Proofs, that the coal beds of Pennsylvania, both bitumi- 
nous and anasphaltic, are equivalent to the great coal 
measures of Europe. 

The coal measures of Newcastle, upon the Tyne-*- 
Saarbruck, &c. contain species of fossil vegetables, 
which are found in the coal beds of Carbondale, Wilks- 
barre, and other extensive beds in Pennsylvania. I have 
before me the Neuropteris elegans t acutifolia, auricu- 
lata> angustifolia — also the Sphenopteris artemisaefo- 
lia t latifolia, trifoliata } mantellii, and numerous ether 
species, which the students of this school, and myself, 
took from Carbondale coal beds last July. All of which, 
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according to M. Ad. Brongniart, are found in tbe Eu- 
ropean coal beds before mentioned. He says too, in 
bis history of Vegetable Fossils, that the Neuropteris 
scheuchzeria, cisti, . loshii, and tnicrophylla, are found at 
Wilksbarre, as well as in tbe European coal measures. 

Numerous additional proofs might be adduced from the 
abundant materials in my possession ; but I believe, 
that no one will question the high authority of Brongni- 
art in this department of nature. After having demon- 
strated, that tbe Pennsylvania coal beds are equivalent 
to those of Newcastle, those near Bath, near Glasgow, 
at WaMenburg in Silecia, &c, nothing more is required 
but locomotion, eastward and westward, to understand 
the order of superposition throughout the whole Alle- 
ghany, Catskill, Helderberg, and Shawangunk districts. 

The only remaining question is, whether the Pennsyl- 
vania coal beds should be called lower secondary, or 
upper secondary. In the former edition of the text- 
book, I referred these coal beds to tbe lower secondary 
class. Those geologists who consider the coal as ap- 
pertaining to the cherty (corniferous) limerock, must, 
with Conybeare, treat it as of the lower secondary class. 
But, if organized remains are to furnish characteristics, 
the cherty limerock terminates the lower secondary 
class upwards ; and the slate embracing the coal, is the 
commencement of the upper secondary series. I have 
given my collection of facts, in proof of this position, at 
pages 66, 73, 76 and 79. 

1 will add, however, that the cherty limerock often 
alternates with layers or beds of a sandy graywacke at 
its upper surface, which should be considered as con- 
temporaneous with itself. In Coeymans the Echinus 
gyricanthvs is fonnd in this sandy alternating rock — ii* 
Bethlehem it is found in the cherty limerock. This 
is not a singular case ; for most adjoining rocks alternate 
and join their characters. 

Reasons for adopting three graywackes. 

In North America the millstone grit, and a grey sandy 
and slaty rock beneath it, occur three times ; and it is 
exceedingly difficult to distinguish these rocks in hand 
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specimens, without the aid of organized remains. And 
remains are almost exclusively confined to the grey 
rocks. Common quarrymen, farmers, and foreign ge- 
ologists, apply the names, graywacke and millstone, to all 
these rocks promiscuously ; neither having observed 
their different relative positions. 

By what names shall we call these rocks ? Europeans 
are not at all agreed in their names. Grit slate, grit 
stone, slate clay, coal grit, psammite, mimophyre, pyri- 
tous shale, are but a part of the names ; and these are 
often confounded and variously applied. 

No nomenclature can be more clear and intelligible, 
than the application of the same name to the three de- 
posites, which are interposed between the primitive 
and transition, transition and lower secondary, lower se- 
condary and upper secondary, limerocks. These three 
almost similar deposites, may be distinguished by num- 
bers, first, second and third graywacke. Here is no 
novelty to embarrass the memory, and there is not even 
the possibility of any confusion or mistake in applying 
these names. 

The resemblance in the characters (or sameness of 
character) of these three graywackes, including the 
overlaying millstone grits, may be seen in the following 
localities. First Graywacke and Millstone grit. It is 
seen resting on the argillite near Col. Worthingston's on 
the Little Hoosick, near the east line of Rensselaer 
county. On ascending the western hill or ridge, the 
graywacke slate, rubble, and millstone grit, are found in 
succession. This ridge extends from Canada through 
the state of Vermont, Washington county, Rensselaer 
and Columbia counties — and crossing the Hudson river 
it forms the vast mountains of millstone grit, called 
Shawingunk. Its elevation is much varied, and often 
sinks down to a level with the adjoining rocks. Second 
Graywacke and Millstone grit. Both rocks are remarka- 
bly distinct at the falls on Starch factory creek, five 
miles south of the city of Utica. The same extends to 
Lake Ontario, about eighty miles in a northerly direc- 
tion ; terminating near the mouth of Big-Salmon river. 
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The ridge at the falls is about midway between the trans- 
ition lime rock at Trenton Falls, and the comiferous 
limerock (chertjr) of Otsego county. It overlays the 
former and underlays the latter. Third Graywacke and 
Millstone grit. Catskill mountain along the turnpike 
road to the Mountain House, presents the graywacke 
slate, the rubble, and the millstone grit. At the bottom 
of the mountain, two miles west of the village of Cats- 
kill, we see the corniferous limerock — being a continua- 
tion of the cherty limerock of Blackrojck on Lake Erie. 
We do not see it pass under the graywacke here ; but if 
we examine the foot of the mountain from 8 to 12 miles 
farther south, we have a fair view of this order of ar- 
rangement. The millstone grit on the mountain near 
the Mountain House passess into a redish and greyish 
conglomerate. And it is remarkable,- that when red, it 
contains the same encrinus, which is found in our salife- 
rdus rock. (My Encrinus giganteus, probably Scloth- 
eim's ramosus.) The Allegany ranges of mountains in 
Pennsylvania consist of third graywacke, including the 
grey rubble and millstone grit. The southern part of 
the Helderberg mountain consists of the same rocks. 
But near the northern part (perhaps not far north of the 
middle of the range,) these rocks descend rapidly, 
become very thin, and finally disappear under the coral 
rag ; or perhaps they pass into the grit slate, and shell 
grit. Near Pucker-street on the Helderberg, the last 
named rocks are very distinctly presented to view, as 
described in the preceding pages. 

Reasons for adopting Geodiferous Limerock.. 

Some European Geologists, particularly De La Bache, 
treat the rocks, as of the Red Sand stone Group, which I 
have called Subordinates to Series I IT. See pages 65 
&c. To this group; De La Bache has added the Geo- 
diferous Limerock ; which is so splendidly exhibited at 
Lockport on the Erie Canal, and at Niagara Falls. He 
applies the particular names of the German geologists. 
For example ; he calls the limerock throqgh which the 
canal is cut 31 feet deep at Lockport, and the upper 
rock at Niagara Falls, which is about seventy feet thick 
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by Humbolt's German name, Zefatein. The stratified 
kind, which contains malachite (a variety of copper ore) 
he calls Kupferschiefer. There is a remarkable locali- 
ty of it at Black Rock. It was laid open to view in cat- 
ting down the ledge north of Gen. P. B. Porter's house, 
to accommodate the canal near the outlet of Lake Erie. 
This stratum seems to be too limited in Europe to af- 
ford a character sufficiently general. In this country it 
is a vast stratum, and always more or less geodiferous. 

The numerous uncouth and vague names given to this 
rock, surely demand reformation, The following list are 
of about equal authority. Stinkstein, Rauchwacke, 
Zechstein*, Asche, and Kupferschiefer. Three of them 
are applied to varieties, which may be better expressed 
by common adjectives. 

We cannot attach it to the Red Sandstone Gronp here, 
according to De La Beche ; because it is rudimentally 
attached to our Cherty limerock, where there is ndt a 
trace of our subordinate series (De L. B'g Red Sand- 
stone group). The slaty rock beneath this is very dis- 
tinct from it. For the slate is a mere variety of our lias, 
or liasoid, which overlays our Ferriferous rocks, the 
latter resting on Red Sandstone, or Saliferous rock. I 
shall only add, that mere inspection will satisfy any one, 
that our Geodiferous limerock is associated with the 
Cherty ; and that it is not related to our Red Sandrock 
(Saliferous). 

American Lias, Liasoid, Hydraulic limerock. Water 
cement. Has the stratum, called by these names, an$ e- 
quivalent in Europe ? 

We have in this country the whole of the Red Sand- 
stone group of De La Beche ; consequently the lias. 
The only question is : Do our strata, which precisely 
resemble those of De La B 9 s Red Sandstone Group 
(which I consider as constituting a series subordinate to 
the Third Regular Series, excepting the Zechstein) hold 
the same relative grade to age, with the same group on 
the Eastern continent ? We are compelled to unite the 
Zechstein (Geodiferous limerock) to our Cherty (cor- 
niferous) limerock, for reasons heretofore assigned. Uv 
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oor Subordinate series we have the lower Lias (Water 
cement) Ftriferous rocks (which may possibly be the 
lias sandstone [and lias slate] of Pusch) * White sand- 
stone (Grey-band variety of saliferous rock) Red and 
white shistose sandstone (white and Red Sandy Salifer- 
ous slate) Red, White, and Variegated, Marls, and marl 
slates (saliferous Marl Slate). All these occur in dis- 
tinct strata of vast extent, between the City of Uticaand 
the western extremity of Lake Ontario — a distance of 
more than two hundred miles. 

So far my statement would seem to demonstrate the 
equivalent characters of our Subordinates, and the for- 
eign Red Sandstone group. But our Corniferous Lime- 
rock (cherty limestone) overlays all this group, and 
passes under our great coal measures of Pennsylvania, 
&c. Our coal measures have been shown to b e equiv- 
alent to those of Europe. Therefore this mode of rea- 
soning places the coal measures above the lower lias 
and its associates. 

Such are the facts ; and I leave the verbal criticisms 
to others. But I suggest another fact, for the consid- 
eration of De La Beche and other European geologists. 
We have certainly seven species of the Cyathophyllum 
in our Corniferous Limerock — all of which are found in 
the same rock in Germany. De La Beche gives a list 
of organized remains, found in his district, and quotes 
Goldfuss ; but he does quote one of the seven of Gold- 
fuss 1 species found by him in Germany in this rock, and 
by myself in the state of New York. Though I state 
the fact, I do not know, that it will assist in obviating 
the difficulty. 

Note. I have never found any organized remains in 
our lias — few in our ferriferous rocks, none in the salif- 
erous, but the Encrinus ffgigantus (ramosus, Schl) and 
the Lingula mytiloides. But 1 confess, that my students 
and myself have neglected to make that dilligent search 
in these rocks, whieh the subject requires. 
*SeeDe La Beche'a Manual, p. 378. American Ed. 



APPLICATION OP GEOLOGY ; 

48 THE BASIS OF THE SCIENCE OF AGRICULTURE. 

SOILS. 

An error of importance had prevailed among geolo- 
gists, 011 the subject of the origin of soils, until a classi- 
fication of detritus was established. Curier's theory of 
the earth did much towards the present improved state 
of that department of geological knowledge. But 
Schoolcraft suggested the first thought erer published, 
on a classification, which is in accordance with the pre- 
sent views of geologists on that subject ; though his no- 
menclature was different.* Near the same time Cony- 
beare, Buckland, and others, gave a character to it, 
which will endure. 

It seems to be demonstrated, that anti-deluvial detritus 
(called the tertiary formation) is a deposit, as indepen- 
dent and distinct, as secondary rocks. It cannot be 
traced immediately to any adjoining rocks. Consequent- 
ly its character cannot be explained by referring to 

other strata ; unless we admit the general principle that 
all deposites, made after the deposition of the lower 
part of the argillite, consist of fragments of the older 
rocks. 

The principal heretofore received then, that soils de- 
pend for their constiutent characters on underlaying 
rocks, cannot be received any farther than as applied to 
anallnvion. All other kinds of soil have characters as 
independent as transition or secondary rocks ; and they 
may be classified now, with as much accuracy. 

# 

FERTILITY OF SOILS. 

1. Fertility of merely earthly soifs does not depend 
on their ultimate chemical elements. Pulverised emery^ 
which is almost pure alumine, will have the same influ- 

* See my Index to the Geology of the Northern States, $d ed. 1830. 
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ence upon vegetation as pulverized quartz, which if 
nearly purely silex. Hence the reason that Davy, and 
other distinguished chemists, have disappointed agricul- 
turists by their analyses ; which were founded on such 
mistaken views. 

2. The perfection of earthly soils, without any refer- 
ence to animal, vegetable, or other adventitious matter, 
requires, the following constituents in due proportion : 1 . 
Stones and pebbles sufficient to keep the soil open and 
loose. 2. Clay sufficient to absorb and to hold water in 
a just proportion. 3. Fine sand in sufficient quantities 
to prevent the clay from bajking into a compact mass, in 
time of drought. Also to prevent its retaining so mich 
water in the winter season, as, by expansion during the 
freezing of the water, to draw the roots of vegetables 
from the earth— called the winter-killing process. 

To select a farm for purchasing, or to improve land 
by artificial means, without the application of manures, 
requires particular attention to these proportions. 

Vegetables receive their chief support from the at- 
mosphere ; and the whole of it, when they grow 10 
cjean, pure, unmanured earth. Neither dry sand nor 
baked clay will absorb the nutritious gases. Duly mois- 
tened earth absorbs carbonic acid, ammonia, and other 
nutricious gases, which are received from the soil by the 
fibrous rootlets, for the use of plants. Charcoal and 
other carbonaceous matters, absorb these gases with 
great avidity. Hence the great value of carbonaceous 
manures, as rotted straw, charcoal, &c. But a due pro- 
portion of moisture is essential to absorption in all cases. 
Hence the importance of an attention to soils in refer- 
ence to the absorption and retention of water. Hence 
too the importance of frequently stirring and disturb- 
ing the dry surface of the soil, in time of drought, by 
hoeing, plowing, &c, in order to present a moist surface 
to the atmosphere ; without which, nutritious gases can- 
not be absorbed. 

Carbonate of lime, sulphate of lime, and all the so- 
luble salts, as well as putrifying vegetables and animals, 
should be considered as manures. They all acts either 
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at absorbents* like charcoal ; stimulants, like gyjpsaflfe* 
raiiriate of lime, &c, or as furnishing nutritious matter 
by their decomposition, like $sh, retted straw, &c. 
Tbere&re the geological agriculturist stujdiies chiefly the 
proportions of $tontt % pebbles* day and send. The study 
of that part of geology which relates to dHriivs> h the 
true study of the first principles of eleaientarjr agricul- 
ture* 

By a reference to the system of classification, in the 
pseceding part of this text-book, it will be seen, that all 
detritus is distributed into eight depositee 1. Plastic 
clay. 2. Marly clay. 3. Marine sand. 4, Shell 
marl. 6. Dilution. 6. Ultimate dilovron. 7. Pest 
diluvion. 8. Analtuvion. After studying the charac- 
ter of these depositee, nothing more is required than a : 
mere application of common sense to each particular 
case. 

CLASSIFICATION OF SOILS. 

1 . Plastic clay. This stratum is tarely found at the 
surface of the earth, except at its out-croppings id 
banks. It is destitute of any material portion of carbo- 
nate of lime — being the clay used by potter-bakeft. 
Without any intermixtures, it would bake hi the dry 
season, and be running mortar in rainy weather; Inter- 
mixed with marine sand, it would be tolerably preddc^ 
itve. Wheat winter-kills in it more than in any other 
soil. 

2. Marly clay. (London clay.) This stratum is al- 
most universal in bottom grounds- Alone, it bakes in a 
drought, and is mortar in a wet season. Wheat wifitei- 
kills in it. But it generally contains from fifteen to* 
twenty per cent, of carbonate of lime, add considerable 
muriate of lime. Wells dug in it, almost invariably 
furnish " hard waters," on account of the muriate of 
lime. These salts give it richness. Therefore if it is 
duly mixed with marine sand (which generally overlays 
it) it forms rich and very durable sdil. From near Lake 
Champlain to Greene county, on the. west side of the 
Hudson, this clay, overhyed with marine sand, prevails. 
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Also tbrtoghoot ami of the northern p*rt of New-Jer- 
•ey, along the valley of the Mississippi, Ice. M the vast 
plains of sMTMie umd t between the Mississippr and 
Rocky Mountains, are generally anderiayed with this 
clay, at they certainly, are in some localities, next cen^ 
tnry may, nnder the hand of culture, enliven that barren 
waste with fruitful fields. 

3. Marine $amd. (Bagshot sand.) This stratum alone 
is a meagre barren soil. Bat makes an excellent kind 
when daly intermixed with the marry clay beneath it, an 
mentioned under marly clay. This stratum often passes 
into crag, or stratified gravel, hardpao, &c. The eras; 
is a better soil alone, than the sand, excepting the hard- 
pan and some other varieties, wherein the gravel is held 
together compactly by ferruginous, calcareous or clayey 
cement. Bat if duly intermixed with the marly clay, 
it forms a good soil. 

4. Shell-marl. This depot ite is a most excellent ma- 
nure, when intermixed with any of the other soils — best 
with soils in which clay predominates. It is chiefly 
carbonate of lime ; but being made op of broken sheila 
or minute species, it is always in a state suited to its 
application as a manure. But when alone, it is not very 
productive, especially in a dry season. 

5. Diluvion. As this deposite is the most heterogen- 
ous of all deposits, it presents the characters of most 
other soils. In general it is very rich in vegetable ma* 
nure ; but it is often too loose, and requires an artificial 
intermixture of clay. It presents all its characters along 
the Erie canal, between the Little Falls and Genesee 
river. It frequently affords localities of vegetable mould; 
which may be advantageously carted upon other soils. 
As it is generally in narrow slips or small fields, the sur- 
rounding grounds may receive its benefits with but little 
carting. 

6. Ultimate diluvion. This seems to have been a thin 
universal mantle, covering the earth in the first ages af- 
ter the deluge. It still remains undisturbed in the most 
ancient forests. But in all cultivated grounds, has been 
intermixed with the underlaying soils. In its undisturbed 
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state, it is the soil to which the word ham is most pro*. \ ^ 
perly applied. Alone, it is a durable and rich soil, ex-" ; 
cepting where sand predominates. Mixed with other "- 
soils, it is always useful. 

7. Po$t-diluvion. Near the sources of the waters, 
which deposited this soil, it is always too coarse and des- 
titute of any fertilizing quality — remote from these 
sources, it is fine and rich — midway between these ex- 
tremities, it is middling in character. But post-dilution 
is, from the nature of its origin, exceedingly variable— 
every locality depending on the depositee from which the 
waters flowed. 

8. Analluvion. This kind of soil is perpetually form- 
ing by the disintegration of rocks, whose surfaces are 
exposed. Its character depends entirely on the constit- 
uents of the rock. Therefore argillite and argillaceous 
graywacke produce, by disintegration, clay soils. Rub- 
ble wacke, granular quartz, and other quartzose rocks, 
produce sandy soil. Hornblende rocks produce a rich 
intermixture.* Limestone rocks, particularly argilla- 
ceous limestone, as the geodiferous limerocks, produce 
a rich calcareous and alluminous soil. 

Broken fragments of rocks disintegrate and become 
soils with a degree of rapidity, directly as the superfi- 
cial measure of surface exposed to the disintegrating 
agents (water, air, and variation of temperature) is to 
their quantity of matter. Consequently lands may be 
suddenly enriched by throwing upon them limerock, 
hornblende rock, (whether basaltic or primitive) argH- 
lite, &c, in a finely pulverized state. Or they may be 
gradually and permanently enriched by scattering over 

' * Dr. E. James observes, (see Long's Expedition, vol. 2, p. 402) 
that in the midst of the Great Desert, near the Rocky Mountains, 
where all was "brown and desolate, as if recently ravaged by foe," 
the hills of greenstone trap, which consist essentially of hornblende, 
were covered with a green turf from their bases to their summits. 
This is a discovery of more value to agriculture than all that Sir H. 
Davy ever made ; though to the mineralogist and chemist, they are 
useful. But who knows the modest, the amiable, the excellent Edwin 
James ? New England might he' enriched by an attention to this subject 
would too, had Davy told us this faot. 
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ployed Tor determining the Mtmtoim part, and the 
power of Absorption. 

4. Heat the first parcel in a crucible, or gallipot, con- 
stantly stirring it with a dry pipe stick, until the stick 
becomes a little brownish from the heat, when pressed 
against the bottom of the crucible. Now weigh it, and 
set down the loss for water of combination. 

b. Heat the second parcel, stirring as before with a glass 
rod or slip of window glass, until it is at a red heat, and 
no glimmering sparks to be seen. Weigh it, deduct lhe 
weight of the water of combination, and set down the 
remainder of the loss for animal and vegetable matter. 

6. Put the third parcel into a pint of pure water. Stir 
it repeatedly for about ten minutes. Let it stand pre- 
cisely three minutes for the silicious matter to settle. 
Pour off into another vessel, all the supernatant liquid 
and its contents. Add another pint of water to the sili- 
cious sediment. 'Let it settle just three minutes as be- 
fore. Pour off all the supernatant liquid again. Dry 
the sediment about as dry as when weighed. Weigh it 
and set it down for silicious matter. 

7. Subtract the sum of the weights of the water of 
combination, the animal and vegetable matter , and the 
silicious matter, from 200 grains, and set down the re- 
mainder for argillaceous matter. 

8. Pour into one glass vessel the two portions of su- 
pernatant liquid, which had been poured from the sili- 
cious matter, and note the time required for settling, so 
as to leave the iquid clear. Set the time down for power 
of absorption. 

Analyses made by Dr. T. R. Beck and myself of soils 
taken in the vicinity of Albany and Troy. 

Upland loam. Absorption, 4 hours in settling — Water 
of combination, 4 per cent. — Animal and vegetable 
matter, 5 per cent — Silicious matter, 68 per cent. — 
Alluminous matter, 23 per cent. 

Best lowland loam. Absorption, 3 hours in settling — 
Water of combination. 4 percent. — Animal and vegeta- 
ble matter, 12 per cent.— Silicious matter, 58 per cent. 
Alluminous matter 26 per cent. 



tfOILft- 

They majr be varied from year to year at pleasure ; and 
their proportions may be calculated as they are artificial- 
ly varied, or they may be detected and estimated i)y the 
chemist after they are added. As vegetable and animal 
matter is a geological deposite, easily detected and 
always present in a greater or less proportion, it should 
be considered as a part of geological analysis. 

Geological analysis of soils may be made, by panning 
the coarse of geological deposition in mitiiature. That 
is, eoils may be deposited from water, in the assay glass 
or a common tumbler, after suitable preparations, so 
that the proportions of silex, alumine, animal and vege- 
table matter, water of combination, and power of ab- 
sorbing, may be shown. These are the most important 
subjects of enquiry when the object is to improve tile 
soil, or to judge of the best method of culture, or of the 
most profitable articles to be cultivated on particular 
fields or farms. The elevation of grounds, above the 
level of the ocean, and the degree of latitude, are also 
subjects of great importance. Humbolt's Equivalents, 
deduced from comparing the effects of high latitudes with 
mountain elevations, should be duly applied. 

Formula for Geological analysis of Soils. 

1 . Select about one quart of soil which shall}, appear 
to be an average of the field. Spread it out and make it 
as dry as it can be made by the sun's heat, after thor- 
oughly intermixing all parts of it. 

2. pulverize it as fine as can be done by rubbing io 
the hands. Take half of it, and pick out, by the assist- 
ance of shaking in a'dish, all roots, straws, kc. 9 also 
all pebbles or grains over the size of a common pin- 
head. 

3. Weigh out, of the finest of it, with accurate scales, 
three parcels of 200 grains each. First for determining 
the water of combination. Second for determining the 
aoimal and vegetable matter. Third, for determining 
the silicious matter ; or rather, the earthy part which 
does not combine with water exoepting by superficial 
attraction of adhesion. The same parcel is also em- 
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ployed Tor determining the -Mksmmtsm part, and the 
power of Absorption. 

4. Heat the first parcel id a crucible, or gallipot, con- 
stantly stirring it with a dry pipe stick, until the stick 
becomes a little brownish from the heat, when pressed 
against the bottom of the crucible. Now weigh it, and 
set down the loss for water of combination. 

5. Heat the second parcel, stirring as before with a glass 
rod or slip of window glass, until it is at a red heat, and 
no glimmering sparks to be seen. Weigh it, deduct lhe 
weight of the water of combination, and set down the 
remainder of the loss for animal and vegetable matter. 

6. Pat the third parcel into a pint of pure water. Stir 
it repeatedly for about ten minutes. Let it stand pre- 
cisely three minutes for the silicious matter to settle. 
Pour off into another vessel, all the supernatant liquid 
and its contents. Add another pint of water to the sili- 
cious sediment. Let it settle just three minutes as be- 
fore. Pour off all the supernatant liquid again. Dry 
the sediment about as dry as when weighed. Weigh it 
and set it down for silicious matter. 

7. Subtract the sum of the weights of the water of 
combination, the animal and vegetable matter, and the 
silicious matter, from 200 grains, and set down the re- 
mainder for argillaceous matter. 

8. Pour into one glass vessel the two portions of su- 
pernatant liquid, which had been poured from the sili- 
cious matter, and note the time required for settling, so 
as to leave the iquid clear. Set the time down for power 
of absorption. 

Analyses made by Dr. T. R. Beck and myself of soils 
taken in the vicinity of Albany and Troy. 

Upland loam. Absorption, 4 hours in settling — Water 
of combination, 4 per cent. — Animal and vegetable 
matter, 5 per cent— Silicious matter, 68 per cent. — 
Alluminous matter, 23 per cent. 

Best lowland loam. Absorption, 3 hours in settling — 
Water of combination. 4 per cent. — Animal and vegeta- 
ble matter, 12 per cent.— Silicious matter, 58 per cent. 
Allominous matter 26 per cent. 
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APPLICATION OF GEOLOGY, 

AS THE SCIENCE OF MINING. ^ 

The most valuable bodies sought in the earth * with 
success in North America, are : 

1 . Rocks, Marble, Freestone, Flagging-stone, Wall- 
stome, Millstone, Grindstone, Whetstone, Hone. 

2. Salt and combustibles. Table salt, Epsom salt, 
Gypsum, Barytes, Strontian, Coal, Sulphur. 

3 Ores. Gold, Iron, Manganese, Lead. 

4. Waters. Carbonated waters, Sulphuretted waters, 

Sulphuric acid waters, Muriate of lime waters, and Deer 

licks. 

Experience, alone, teaches us, with what strata these 

valuable bodies are associated. Therefore a concise 

enumeration of their best known localities, accompanied 

with an extended view of their associated strata, will 

present to the student all that will be useful to him, as 

illustrative of this application of Geology. 

* This note should have been included in the text of the last prece- 
ding page ; but, haying '.been omitted, there is no impropriety in plac- 
ing it here. 

As the earth affords us our own vegetables for clothing and diet, 
and supplies animals with their living, upon whom we feed and with 
whose skins and clothing we are clothed, the earthy outside of our 
planet cannot be too well understood, as applied to Agriculture. The 
preceding article should be studied, then, as a branch of Geology. 
And I may here add an average proportion of the common constituents 
found in the best soils of the kinds enumerated. 

If water oozes into loose gravel, sand, or loam, about four feet be- 
neath the surface, as it often does in river alluvion — Absorption, 2 hours 
to settle — water of combination 3 per cent — animal and vegetable mat- 
ter 12 per cent — silicious part 76 per cent — aluminous part 9 per cent, 
it is very productive. 

Rich but winter-killing. Absorption, from 12 to 26 hours to settle- 
water of combination, 4 per cent — animal and vegetable matter 8 per 
cent — silicious matter 46 per cent — aluminous matter 42 per cent. 

Soils are durable and good, consisting of a mixture of ultimate di- 
luvial loam, with argillaceous anaUuvion, as the common soils of Co- 
lumbia and Dutchess counties, N. Y. Absorption, 5 hours to settle — 
water of combination 4 per cent— animal and vegetable matter 6 per 
cent— silicious matter 68 per cent— alluminous matter 22 per cent, 
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1. Useful Rocks. 

Marble. This name is indefinitely applied to any rock 
of carbonate of lime, which may be wrought into buil- 
ding stone with the chissel. The most valuable is the 
Granular limerock. In this country it extends from Can- 
ada to Pennsylvania, along the west side of the Green 
Mountain range. Therefore every farmer, whose lands 
lie in that range, may probably find on his farm at a 
greater or less depth, or at the surface, good statuary 
marble. Good marble has been found, called birdseye 
marble, in the compact transition lime rocks ; also in 
the shelly kind. But shelly marble will readily disinte- 
grate on exposure to heat ; and in time, on exposure to 
the disintegrating agents. 

Freestone. This name has usually been applied to red 
sandstone. But its application to all saliferous rocks 
(red, gray, or variegated) is authorized. The free- 
stone pf Rochester on Genessee River, is red, grey, 
spotted, and variously coloured. Saliferous rocks, and 
red wacke of the first, second, and third graywackes, 
make good freestone. These stones never crack by 
heat ; but they crumble off or become friable, and ought 
not to be highly heated. 

Flagging stones. The best known in this country are 
the gneiss, and gneisseoid hornblende. Haddam, Con. 
affords excellent specimens. West of Worcester, Mass. 
towards, and in Leicester, the rocks are equally good. 
They were formerly too far inland. Since the canal is 
made, they may become profitable. When I first heard 
of this project, I supposed the value of the stock was to 
be estimated by the value of these vast ledges of gneiss 
rock. Why Yankee ingenuity and perseverance does 
not reach them, I know not. I presume Prof. Hitch-' 
cock, the state geologist, will apprize them of their value, 
in his expected and much desired report. 

WalUstortet. This name is applied to stones, which 
will lie'fakly in a wall, with or without chisseling or 
sawing. It is not necessary that they should bear chis- 
seling, provided they can be broken from ledges in reg* 
ularparalleJopipeds for laying op in a dry wall, or for 
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masoning with mortar. Gneiss, gneieseoid horotoende, 
and the two lower graywaekcs, afford more or leas good 
wall-stone. First gray wacke, when formative* is always 
a good wall-stone. It has been sawed and used io Trey 
with success in the basement story of houses. See Dr. 
Gale's house. It is remarkable for cracking, and even 
flying ioto pieces, when heated ; hence it is called $nap- 
stone in some districts. Third gray wacke is rarely suit- 
able for a wall-stone ; for it contains iron pyrites, which 
often produces rapid disintegration. See some of the 
Western Locks, and the walla of some houses in Ithaca. 
Millstone is a subdivision of graywacke, It is there- 
fore first* second, and third. It is a good wall-stone and 

will resist a great heat* Millstones were quarried from 
Shawangunk Mt. (first graywacke) until the buhrstone 

manufactories were extensively introduced ; and it was 
profitable to the manufacturers, and a public benefit. As 
tbey were wrought at Esopus (Kingston) in great quan- 
tities, they were long called Esopus Millstones. Ledges of 
Millstone grit, which would make tolerably good mill- 
stones, though liable to crumble, may be had in 2d gray- 
wacke near Utica, and in 3d graywacke on Alleghany 
Mountains. 

Grindstone used ip this country is a gray sandy variety 
of third graywacke. Two extensive layers of grindstone 
run nearly parallel to Schoharie Kill in Blenheim, Scho- 
harie county, on the estate of Judge Sutherland. One 
range is in the west bank of the Kill, the other is further 
west. From pieces of rock adhering to Nova Scotia 
grindstones, I believe, they are from the same rock. 
Numerous other localities of various qualities, are seen 
in the graywacke of Catskill and Alleghany Mts, 

Whetstones, called novaculite, are always a variety of 
talcose slate. When they are harsh they «re called 
Quinnebog whetstones, or scythe whetstones. When 
they aje fine-grained they are called Turkey hoae. 
They are wrought in Belchertown Mass,, and a{ Lake 
Mempbremagog in Vermont, Though these whetstopes 
are always a variety of talcose slate,, tbey are- found in 
tfjis country, at the meeting of talcose slate with mjca« 



106 MINING. 

slate or argillite ; when with the latter the whetstone is 
softer than when with the former. In Hawley, Mass. 
an inferior kind appears in connexion with the micaceous 
iron ore, at the meeting of the talcose plate and mica- 
slate. 

Hones, of a very excellent quality, are found in first 
gray wacke near a place called Red-Rock Pilfershire, in 
Columbia county, N. Y. and in Rensselaer-Vftle, Alba- 
ny county, in third gray wacke. I ha?e seen layers of 
the same rock in numerous localities in the third gray- 
wacke of Catskill and Alleghany mountain ranges. 

Useful salts and combustibles. 

Table salt (muriate of soda) has not been found here in 
the solid state ; but immense quantities of brine water 
issue from the red and grey saliferous rock, near the 
Erie Canal line, from twenty miles west of the city of 
Utica to the Niagara river. Pseudomorphous crystals, 
imitating those of muriate of soda, are found in the sal- 
iferous rock and in the liasoid, particularly near 
Manlius Center on the south bank of the canal. I 
have seen them 4 inches across, and very perfect. 

Epsom salt is very common in the three gray wacke 
ranges, in a state of efflorescence. A spring near Coey- 
mans village is highly charged with it. It is produced 
on the exposed surfaces of the liasoid along the Erie 
canal — also on the marly clay of Coeymans, Lansing- 
burgh, and other places in the vicinity. 

Gypsum is chiefly confined to beds in the liasoid of 
the Erie Canal line and of the Western states ; hut it is 
found in smaller quantities in the saliferous rock. The 
•oowy gypsum and selenite are found in geodes in the 
geodiferous limerock. Gypsum is, in truth, found 
throughout the whole of De La Beche's Red Sandstone 
group ; but the quantity is very small, excepting in the 
liasoid. - 

Barytes is found to be very superior to borax as a flux 
in brazing and welding, when a very high heat is re- 
quired. The native sulphate and carbonate are equally 
useful. Sulphate of Barytes is found in granite in the 
vicinity of Northampton for 20 or 30 miles north and 
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south. Numerous other localities of the same kind are 
known. The lamellar kind is found in Calciferons sand- 
rock along West Canada Creek, and near Little Falls ; 
and spherical nodules are found in the saliferons rock 
at Genessee Falls. Bat it is found in immense quanti- 
ties in Schoharie county, town of Carlisle, of the fibrous 
structure. It is in a soft slate rock, of the second gray- 
wacke kind, immediately beneath the Corniferous lime- 
rock. 

Strontian is said to be a better flux for brazing and 
welding, than either barytes or borax, when an interme- 
diate degree of heat is required. The sulphate of stron- 
tian is found in this country in Geodiferous limerock at 
Lockport, Niagara Falls, &c. Most abundant in the 
Geodiferous limerock of Strontian Island in 'Lake Erie. 
This locality was discovered by gentlemen employed in 
settling the boundaries between these states and Canada, 
in the year 1819'; and was published by two of them as 
sulphate of barytes. One of the commission, William 
A. Bird, Esq., brought to Troy Lyceum 100 lbs. of it, 
all in beautiful crystals. I analyzed it in presence of 
the members of the Lyceum, detected the error, and it 
was published by order of the association. Afterwards 
several similar analyses were published. — Carbonate of 
Strontian and Lime (very vaguely described by for- 
eigners under the name Arragonite) has been found to 
be an excellent flux — its excellence increases in the ra- 
tio of the proportion of strontian. In crystals it is found 
in small quantities in the Geodiferous limerock of Lock- 
port, Niagara Falls, &c. But it has not hitherto been 
announced in any printed publication, which has come 
to my knowledge, in sufficient quantities to be used prof- 
itably by artists as a flux. A few days since, Mr. Will- 
iam Deere of Syracuse, (formerly my pupil, now a teach- 
er) brought me twenty pounds of this mineral from 
Marcellus, Onondaga county, midway between Ononda- 
ga and Skeneatelas, and five or six miles south of a point 
on the Erie Canal 75 miles west of Utica. It is in con- 
nexion with Corniferous Kmerock, probably beneath it, 
and equivalent to Geodiferous limerock. Some speci- 
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men* seem to contain a larger proportion of strontian, 
than any analyses of Arragonite have shewn. Its specif- 
ic gravity ranges between 2, 7$ and 3. 8— A have mere- 
ly tested it by the purple flame ; bat I intend to make a 
thorough analysis soon, unless some one, who has more 
leisure, will do it. It appears that tons of it may be had. 
Pillars for a clock have been made of it, which may be 
seen in Syracuse, 3 inches in diameter. 

Coal is found in four geological positions. First, trail" 
tition anthracite which is found in beds in Argillite, in 
Newport, R. I. and in Worcester, Mass. It is found 
in very small layers along the Hudson River in the same 
rock. It is also disseminated in first graywacke in Rens- 
selaer county. Second, secondary anthracite, which is 
found in exceeding small layers in second graywacke 
slate (in lower secondary classs) near, and under, Utica, 
near Big Salmon river on Lake Ontario, near Cold 
Spring on the Mohawk &c. Third, Coal proper , which 
ia found in large beds in Pennsylvania in third graywacke 
(in upper secondary class) also in small layers on Lakes. 
' Seneca, Cayuga, &c. U is bituminous in the western 

part of Pennsylvania} and anaspbaltic in the eastern part* 
Fourth, Lignite, which is found in the clay of the tertiary 
class. 

As all fossil coal and anthracite are now supposed to 
have been produced by the charring of vegetables ; the 
science of mining, as applied to coal, is founded on a 
knowledge of the successive creations of families of 
vegetables, and of the alternating destruction of such 
ftmilies. From the fact, that marine and dry-land ani- 
mal* all disappeared at each period of the charring of 
vegetables* we infer that vegetables were charred by a 
degree of heat sufficient to kill every animal of the 
ocea,n as well as every animal and plant on dry land. 
The period of charring seems to be the dividing period 
between the Classes, or Series, of rocks, and between 
their accompanying species of organized remains ; for 
no species appears to have survived one of these catas- 
ttophies, or even ever to have been re-created. 

Brongoiart says, that the examination and comparison 
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of a great number of vegetable fossils of several epochs, 
have enabled him to recognize four periods of creation 
in that kingdom of nature ; consequently four periods of 
charring them. 

I. First period. Arborescent forests of the Equise- 
tutn and Filices (Rushes and ferns), much larger than 
those of the present day— also large plants, which com- 
bine the characters of the Lycopodiurn (ground pine) 
and Conifers (Pine, Hemlock, and Cedar trees) called 
Lepidendron. These plants, being charred, form the 
Transition anthracite in Argitlite ; as Newport, R. I, 
Troy, Waterford, &c. 

II. Second period. A small number of small ferns, 
and very singular Conifere. These plants, being char- 
red, form the minute masses of anthracite in Second 
gray wacke slate near Utica, Cold Spring, Big Salmon 
river, &c, in the Lower Secondary class. 

III. Thirdperiod, An immense quantity of Ferns, 
and still greater masses (though not so many species) of 
Cycadeae; and the latter are more or less arborescent or 
dendritical. They combine the characters of the Ferns, 
and Palms. These plants, the Catamites, and some oth- 
ers, being charred, form most of the coal measures of 
Pennsylvania, and the great coal measures of Europe. 
This coal is in the Upper Secondary class, in third gray- 
wacke of North America. See Synonyms under the 
proper heads. 

IV. Fourth period. Plants resembling those of the 
present day. They are often dicotyledonous. Char- 
red, they produce the lignite. They are in the Tertiary 
class* 

Sulphur is mostly found in combination with iron $ and 
is called sulphuret of iron or pyrites. This ore is uni- 
versally distributed. Sulphur is also found in combina- 
tion with copper, lead, zinc, &c. Rarely found pure, 
excepting near volcanos. 

Useful Ores. 

Gold is found, often pure, in Talcose slate, in the Car- 
olinas and Georgia ; also in Mexico. Having discov- 
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ered some of the southern gold adhering to talcose slate, 

I suggested the query, in Sillimaa's Journal, whether it 

might not be found in other places along this range of 

the same rock through the west part of New England. 

Dr. Emmons, has since told me, that Prof. Hitchcock 

has examined a locality of gold with similar associations 

with the gold of the Carolinas, in Somerset, Vermont. 

Also that it was sought and found in consequence of my 

suggestion. He added that Prof. Hitchcock would soon 

publish a short history of this discovery in the same 

Journal in which I made the suggestion. 

Iron, in vast beds, occupies four distinct geological 

positions. 1. Proloxid of iron, often highly magnetic. 

It is chiefly confined to Gneiss ; as along the west side 
of Lake Champlain, in N. Hampshire, &c. &c. 2. 

Proto-peroxyd. or Hematite, of the colour of dark clotted 

blood. It is often stalactitic, and found among the ruins 

of talcose slate. If we could know that micaceous and 

specular iron ore had been fused at the time its talcose 

walls were broken down, we should say, that the sta- 
lactitic hematite was thus produced. Its best known 

locality is at Salisbury in Connecticut ; but it is found 
along the west side of the Green Mt. range from Canada 
to Connecticut. It seems to be an indefinite mixture of 
the protoxyd and peroxyd of iron 3. Argillaceous per- 
oxyd of iron, or Reddle ore, is mostly a soft red ore, con- 
sisting of clay and peroxyd of iron, yielding about 33 per 
cent of pure iron. It forms a layer in the ferriferous 
rock, oyer the saliferous rock, about a foot in thickness 
on an average ; and extends from near the city of Utica 
to near the west end of Lake Ontario. It is about 20 
miles wide and two hundred and forty miles long. Such 
an extensive stratum has not been observed in any other 
place. 4. Bog ore is a regular deposite embraced in 
the Tertiary class. Its true central position is in marly 
clay, often associated with iron pyrites and lignite. — 
But it is often found in the marine sand, overlaying the 
clay. It-is found in the tertiary Sand and clay from Fort 
Ann near Lake Champlain. to Coxackie, twenty miles 
below Albany— a distance of 80 miles along the west 
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tide of the Hudson River. It is found, also, in (he ter- 
tiary depbsites in the Highlands on the Hudson River* 
and among the high bilk of New England, &c. be. 

Manganese, in the state of a peroxyd is found along 
the west side of the Green Mountain range from Con- 
necticut to Canada. It is generally in the ruins of tal- 
cose slate ; and in one locality east of Great Barriogton, 
Mass. I have seen it in place in the Talcose state where 
it meets ,the Gneiss. From these facts i am induced to 
believe that the original deposition of the manganese, 
was in talcose state* The subject has not been suffi- 
ciently investigated, however. East of Pittsfield, Mass. 
immense quantities of hematitic iron ore and some man- 
ganese are seen, serving as a cement holding together 
fragments of gramdar quarts rock, from the size of a pea 
to that of an ordinary school-house. 

Lead is fouod in vast quantities along the Misfitstippij 
probably in transition lime rock — Bakewell's metallifer- 
ous limerock, or calciferous sandrock, perhaps. 1 haw* 
never seen fair specimens of the rock, which authorized 
a description ; but I have the opinions of respectable 
geologists. The ore from the Mississippi region is al- 
most a pure sulphuret of lead, easily reduced. Lead ore 
is extensively disseminated in granite rocks near Con- 
necticut river, in the region of Northampton. But the 
rock being very hard and the lead sparingly scattered 
through it, very little lead has been obtained with the 
expenditure of many thousands. Lead has been found 
in argillite and graywacke in Columbia county, also in 
Calciferous sandrock in Rensselaer and Montgomery 
counties, and various other places where this rock is 
found. But it is scarcely worth working. 

Useful Mineral Waters. 

The Carbonated waters of Saratoga, and of M'CuU 
loch's Well in Albany, probably issue from Transition 
AgiUite. Sulphuretted waters are co-extensive with toft 
rocks containing iron pyrites. Such- springs are very 
common in Argillite, soft graywacke, filthy swamps, fee. 

16 
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Sulphuric acid waters issue from the earth in various 
places io the town of Byron, county of Genessee.— 
The detritus from which they issue appears to be disin- 
tegrated Liasoid, containing minute fragments of gypsum* 
It is ash-grey, and contains an immense quantity of iron 
pyrites in exceedingly minute grains. The exposed sur- 
face of the little hillock, where it appears in the largest 
quantity, is strongly impregnated with the acid. On ap- 
plying the tip of the tongue to the dry surface of appar- 
ently charred turf, we seem to recognize purely con- 
centrated sulphuric acid. Other springs in the vicinity, 
particularly one near Byron Hotel, flow in large quan- 
tities, sufficiently impregnated to coagulate the white 
of eggs. Muriate of lime waters are co-extensive with 
marly clay. Wells dug in this almost universal stratum, 
are highly charged with muriate of lime. Deer licks, or 
salt springs which attract deer and other animals, often 
contain no common salt in solution — being highly charg- 
ed with muriate of lime only. I have seen a very noted 
lick of this kind in a thin stratum of marly clay resting 
on third gray wacke,*in Schoharie county. 
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ALPHABETICAL, ARRANGEMENT OF GEOLO- 
GICAL LOCALITIES. 

Adams, Mass. Granular limerock in the valley and at 
the foot of the east Mt. Granular quarts on the side of 
the Mt. Black Hornblende towards the top opposite to 
S. Adams, Gneiss at the top, with veins of crystalline 
granite ; these appear in boulders opposite to N. Adams. 

Amboy Bay, Sooth shore (being the north boundary of 
N. Jersey) is wholly tertiary. Bottom of the bank is 
plastic clay, overlayed with marley clay containing lig- 
nite coal, pyrites, fee. 

Auburn, N. Y. Cherty limerock at and near the pris- 
on. Pyritous slate (Gray wacke) containing a little bi- 
tuminous coal, Liasoid or American lias. 

Becraft ML near Hudson. Sparry . and Shelly transi- 
tion limerock, Gray wacke. 

Bellows Falls near Connecticut River, Vt. and N. H. 
Gneiss, Talcose slate near on the west — Argil lite 2 miles 
west. 

Berkshire Co. Mass. Talcose slate in vast mountains. 
Some of its layers are remarkably undulating. Some 
are convex upwards, Dewey. Some are concave up* 
wards, Lee. 

Bethlehem Caverns, 12 miles S. W. from Alany. Cor- 
niferous limerock abounding in stone-horns and horn- 
stone. A slaty stratum, about 50 feet thick, separates it 
from transition limestone ; which is second gray wacke. 

Black Rock, L. Erie. Cherty limerock, underlayed 
with Geodiferous Limerock. Here the Copper slate 
(Malachite slate, Kopferschiefei ) is seen as a part of the 
Geodiferous stratum (Zechstien. ) This cherty limerock 
extends to, and underlays, Pennsylvania coal. 

Buffalo, on Lake Erie. Deep Deluvian from near 
the village to a considerable distance along the Canal 
towards Black Rock. The Village is underlayed by 
Graywacke and Cherty limerock. This graywacke is 
the same rock, which embraces the Pennsylvania coal 
beds. 
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Canandaigna, N. Y. Corniferoos limerock. Along 
the Lake, 3d Graywacke rests upon it. 

Carbondaie, Peon. Vast beds of anasphaltio coal, m 
3d Graywacke. It abounds k» Vegetable fossils — such as 
Neurofteius elegant, acu4ifolia,auric*lata t angu3tifolia 
—the Sfbewotterii, arUmsaefolia, latifolia, trifoliate 
manielli, <frc. The coat is not the transition anthracite, 
aa at first supposed. Most of it is destitute of bitumen ; 
bat is an equivalent of the great coal-measures of 
Europe 

Catskill, N. Y. On 1st Graywacke and Transition 
limerock. Here the Transition and Secondary limerocks 
meet ; as may be seen along the banks of the Creek to 
Madison Village. But the numerous dislocations are 
calculated to confound the inexperienced. 

Cattskill Mt. Chief of its mass is 3d Graywacke. — 
British geologists confound this coarse kind of rock with 
Transition Graywacke. Between this and our transition 
graywacke, are the Transition Limerock, 3d Graywacke, 
and Cherty Limerock. Also De La Bache's Red Sand- 
stone group, in some localities. See P. 95. On the 
east face of this Mt. we see the Rubble, Millstone Grit, 
Red Conglemerate and Red Sandrock. 

Cayuga Lake. — Corniferous Limerock forms its bed 
— 3d Graywacke, its walls. The latter is remarkably 
interesting about Ithaca, at the head of the Lake. 

Chesterfield, Mass. Gneiss, traversed by beautiful 
veins of crystalline granite, containing numerous and 
beatiful tourmalines. 

Cohoes Falls on the Mohawk. Argillite of the clay 
slate kind, overlayed by the wacke kind. 

Cold Spring, on the Erie Canal 8 miles east of Little 
Falls on the Mohawk. Here is the 2d graywacke slate, 
containing the Brongniartia carcinodea/Orthorcea conica 
— also a little anthracite. 

Connecticut. No crystalline granite in regular strata. 
Mather. 

Coral Cave on the Helderberg, 2 M. north of Pucker- 
Street. 
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Cummington, Mass. Mica-slate in perfection, contain- 
ing actynolite, &c. 

Dalton, Mass. Granular Quarts and limerock. — 
Three miles south of the Tillage is most perfect granitic 
hornblende rock ; distinct in its geological relations from 
granite, as all rocks are which contain hortiblende as a 
constituent. 

Deerfield t Mass. Basalt, containing the calcedonic 
family, like other basalt. 

Deerhill Highlands, N. Y. Zercon in iron ore em- 
braced in gneiss. Mead. 

Delaware River* Numerous vegetable impressions 
along its eastern bank, where the Delaware and Hudson 
canal runs. 

East Rock, N. Haven, Con. Basalt, containing preh- 
nite, &c. It rests on red sandstone. Scarcely columnar. 

Eigteen-mile-creek, L. Erie. Third graywacke slate, 
containing bituminous slate, and minute specimens of 
coal ; being a continuation of the -coal slate of Tioga, &c. 
Here are numerous remains of Terebratula spiriferoides. 

Esopus Strand, on the west side of Hudson River, 96 
miles from N. York, at the mouth of the Roundout and 
the entrance of the Hudson and Delaware canal. Here 
the transition and lower secondary limerocks run together 
and the undulated slate appears at the meeting of the ar- 
gillite and first graywacke. 

Flint Hilly ten miles west of Schenectady, on the Erie 
canal. The calciferous sandrock here contains coarse 
semi-opal, agate, &c. 

Fort Plain, is a village at the mouth of Otsquago Creek. 
Here is most perfect birds-eye marble, half a mile south 
of the village. Ten miles south, on the -same creek, is 
an immense quantity of Tufa, embracing an extensive 
cavern and fire trees which have become a tufa sub- 
stitute — here is, also, a burning suphuretted hydrogen 
spring. 

Franklin, Bergen Co. N. J. presents perfect upper 

oolite. Horton. 

Frylerg Ger. No Crystalline granite in regular strata, 
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oor elsewhere on the.continent. Borre & Webster. 

Gas-port, near Oak-orchard creek. 

Genesee Falls, present a beautiful natural cabinet of 
saliferous rocks, Ferriferous, and Liasoid ; also, Geodif- 
erous, on the the canal, containing limpid crystals of 
fluor-spar, waxy blende, &c. 

Glenn's Falls, are tiansition limerock. Petrifactions 
found here are numerous ; such as Litbodendron, Fun- 
gia, Columnaria, Turbinola, &c. 

Goshen, Mass. Crystalline granite in veins, contain- 
ing most beautiful tourmaline. 

Halifax, N. Scotia. Basalt, and underlaying red and 
variegated sandrock, the same as at Palisados on the Hud- 
son, Mt. Halyoke, &c. on the Connecticut. Alger & 
Jackson. 

Helderber, a hill or mountain, chiefly in Albany coun- 
ty. It affords the most perfect Coral rag and Cornifer- 
ous limerock, also grit slate and shell grit. Immense 
quantities or organized remains are found on its top and 
at its eastern foot. 

Highlands, N. Y. No regular strata of crystalline 
granite. Mather. 

Hoboken, ojpposite N. Y. city. Most perfect locality 
of Talcose slate, steatite, serpentine, and pure magnesia. 

Halyoke, Mt. Basaltic mountain on the east side of 
Connecticut River, in Mass. near Northampton. 

Hudson and Delaware Canal runs from Esopus Strand 
along the Roundout Creek, to Delaware River, thence 
to near Carbondale. It runs along the northeast side of 
Shawangunk forty miles. 

Maca,head of Cayuga Lake. It presents vast perpen- 
dicular ledges of 3d graywacke of the pyritous slate 
kind. Falls of water, down these ledges, are stupendous, 
and keep the rocks clear for inspection. 

Knox, on the Helderberg, is a township embracining 
Pucker-street village, and numerous localities of Coral 
rag, shell grit, &c. 

Lakes, Northwestern (as Superior, Huron, &c.) are 
bounded on the northeast by a range of primitive rocks, 
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which commence near Whitehall at the head of Lake 
Champlain. Pitcher & Day. 

Little Falls, of the Mohawk on Erie Canal, 22 miles 
easterly from Utica. The rocks are Gneiss and Horn- 
blende, with calciferous sandrock resting against both 
sides of the mountain— and Cal. Sand, is overlayedby 
Transition limerock. 

Livingston Cave, on the Helderberg, near the top of a 
vast ledge is grit slate, and the slate is overlayed with 
Coral rag. This cave is about 4 miles east of Pucker- 
Street. 

Lockport, on the Erie Canal about ten miles southeast 
of Niagara Falls. Here the canal is cut 31 feet deep for 
about two miles, through a Geodiferous limerock. The 
locks below are in a natural gorge in the slaty liasoid of 
a soft texture. 

Macomb Mountains consist of several ranges of Gneiss 
and Hornblende rock, with intervening valleys of Calcif- 
erous sandrock, Transition limerock, and second gray 
wacke. It crosses the Erie Canal at Little Falls and 
Roofs Nose ; and extends by way of Ogdensburg along 
the northeast side of Lake Superior. It abounds in 
iron ore. 

Madison Village, four miles N. W. from Cattskill Vil- 
lage. Here we see the Corniferous limerock resting on 
the Transition, and their undulations at meeting. An- 
thracite is found in the thin layer of 3d Gray wacke slate, 
which is interposed in some places. 

Manlius Center, on Erie Canal, 52 miles west of Utica. 
Very perfect Water Cement, or Liasoid, embracing beds 
of dark-coloured gypsum. Here is found pseudomor- 
phoos crystals of soft liasoid, imitating muriate of soda, 
4 inches across. 

Middletown, N. Jersey, along the south side of Amboy 
Bay. Remarkable locality of the Tertiary Formation 
containing lignite, amber, pyritous petrifactions, &c. In 
the Marly clay of the eastern part of the town, vast beds 
of Chlorite Chalk or Greensand are embraced. — 
The Greensand hat been shown by Dr. Morton to be 
secondary, by the numerous organized remains contained 
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in it ; but the clay and overlaying marine sand are 
decidedly Tertiary. Such alternations, however,* are 
common at the meeting of strata. 

New Madrid in the Mississippi region, has trees still 
standing upright, which were sunk 30 feet by the earth 
quakes of 1812-13-20. The same earthquakes were 
felt 200 miles around. Bringier. 

Newport, in R. Island. The anthracite here is genu- 
ine, and is embraced in Argil] ite. Vegetable remains or 
impressions are still common ; though thousands have 
been taken away. Van Rensselaer. 

Nine*mile-creek % on the Erie Canal, nine miles west of 
the salt works of Syracuse. Remarkable for the regular 
stratum of Shell marie, which commences on the catial a 
mile west of this place. 

Northampton, on Conn. River in Mass. Remarkable 
as a central point in one of the earliest known and best 
mineralizing regions in the world. 

Nova Scotia, See Halifax. uA £Ui^^<~~ 

Oak-Orchard-Creek. , on the Erie Canal, about 20 miles 
east of Lockport. Here the rock is Saliferous, red and 
gray. Specimens of great magnitude of the Encrinus 
giganteus are found in it— and in the gray kind numerous 
specimens of Lingula mytiloides are found. Twelve 
miles west on the same rock, there is a basin, called 
*Gas-port, through the waters of which carburetted hy- 
drogen gas issues perpetually. 

Oriskany, on Erie Canal, seven miles west of Utica. 
A mile west of the Village is a convenient locality 
for collecting Millstone grit ; as large fragments have 
rolled down to the canal from the ledge. 

Owego, on the Susquehanna River in Tioga coaoty. 
The rock here is third graywacke. It contains numer- 
ous specimens of Encrinus tricyclus. Dr. Paige gave me 
the impression of a fern, fouud in the Hone-slate quarry 
at the foot of Tunkhannock Mt. That rock is a soft slaty 

* This gas was first tested by myself and pupils while on a Natural 
history tour in 1826. It had! previously been called sulphuretted hy- 
drogen. We gave the place the name, Gas-port, which it still retains. 
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layer of 3d graywacke which overlays the coal-meas- 
ures. It is an Odontopteris ; but is not figured by Brong- 
niant. It resembles his Sclotheiraii ; but the bases of 
the leafets (pinnulae) are not connate. I intend sending 
it to Brongniaft. 

Otsego County has many of its high places covered 
with Cofniferous limerock, which extends from Lake 
Erie. As this rock underlays the Pennsylvania coal, 
both atCsrrbondale and Tioga, Penn., I proposed an ex- 
amination for coal in Otsego county, where slate over- 
lays the limerock. I soon received several specimens 

of bituminous coal, thus situated. But like' other similar 
localities in the state of N. York, the beds are too thin 
for profit. 

palisados, a name given to the Basaltic rocks on the 
west shore of Hudson river, commencing opposite to 
the upper part of the city of New York, and extending 
northerly thirty miles. The columns of basalt stand 
over Red sand -stone of the variegated kind ; resembling 
the Saliferous rock of Genesee river. Between the col- 
umns and the sand-stone, there is generally an immense 
stratum of Trap-tuff, or basaltic Breccia. 

Peru, Mass., east of Pittsfield. This is a mountain of 
Gneiss ; being a continuation of the Green Mt. range. 

Pine Rock, two miles north of N. Haven, Con. It is 
basalt, but scarcely presents the columnar structure. 
Some of this rock is exceedingly coarse. It is used in 
N. Haven as the most common wall-stone. 

Pittsfield, Mass., its western boundary is the east line 
of New Lebanon in the state of N. York. It is situated 
on Granular limerock. Near the village is a fine depos- 
ite of shell marl. Two or three miles east, the talcose 
slate crosses the Boston road. 

Platterkilly crosses the Erie Canal 35 miles west of 
Schenectady. Its bottom is Calciferous sand-rock,' its 
walls Metalliferous limerock, near the cana/. From 
one and a half miles to two and a half, the bottom is the 
same second graywacke as at Cold Spring. I found an- 
thracite coal in it, in very thin masses. 

16 
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Pw&4r Strut, (a nickname at first, but now established 
by cotton),) 19 a small village on the Helderberg, 22 
mile* aoethwest from Albany ; very interesting to the 
geologist. It has been the central resting place for ge- 
ologists from the year 1817. They put op at this place 
for the purpose of collecting organized remains in the 
vicinity. Two miles north is Coral Cave — the cover of 
wbkh it Coral rag, and the bottom and sides are grit 
slate. Haifa mile east is the shell grit. Along the 
north of the village is Corniferous limerock. Four miles 
east is Livingston Cave. 

Rondoul Kill, empties into Esopos Strand, three miles 
north of Kingston, at the entrance of the Hudson and 
Delaware canal. At the entrance on the left hand is the 
nmfolyting slate. Five miles up the genuine Clay-slate 
ArgiUite appears. Ten miles up is the Fall, where the 
Millstone grit of Sbawangnnk comes to the Creek and 
passes under the red sandstone. It resembles the grey- 
hand of Genessee river in some places. It is overlayed 
by a limerock, which supports what appears to be a 
liasoid»and is successfully used as a water cement. Over 
the liasoid lies the Corniferous limerock. But the latter 
rests immediately on the lower limerock often. 

Root's Note % is a high bluff in the town of Root, on 
the south side of the Erie canal, 34 miles west of Sche- 
nectady. It is Calciferous. sandrock, and embraces a 
cavern (called Root's Nostril) 400 feet in extent. Near 
it, on the east side is a lower prominence of Gneiss. 

Sable, Maryland, Messrs. Troost and Finch, found 
ember in lignite, in the Tertiary formation. 

Salmon River on Lake Ontario, runs many miles 
through Second Gray wacke. This is the same rock 
which overlays the transition limerock of Trenton Falls, 
and on which Utica stands. It abqunds in petrifactions 
about four miles from its month where it empties into 
Lake Ontario. 

Saliibury, Con., a remarkable locality for stalactitic 
hematitic iron ore, imbedded in the ruins of talcose slate. 

Saratoga, in Saratoga county, 30 miles northwest of 
Troy, N. York. The strongest natural carbonated 



SHA — TAU 

waters in the world issue, probably from the argillite, 
throughout a distance of country containing about 100 
square miles. 

Shawangunk, or the White Mt. in Ulster and Orange 
comities, on the west side of the Hudson, in N. Y. It 
is more than 40 miles long, and is most perfect Millstone 
grit. It is a continuation of the Grit and Rubble of the 
1st Qrawacke of Rensselaer county. 

Sing Sing, on the east side of the Hudson, below the 
Highlands. Alternations of Gneiss, Granular quartz, 
Granular limerock containing copper pyrites, and Ar- 
gillite. Statuary marble is here manufactured by the 
prisoners of the State Prison. 

Skenmndo Creek. The Coniferous limerock <rf Lake 
Erie has been traced to this Creek. Geddes. This 
Creek passes Hamilton College, ten miles southwest of 
Utica. 

Skeneatelas Lake has its banks partly of Cortriferon* 
limerock, containing numerous specimens of the Cyath- 
ophyllum (stone-horn^. 

Somerset, Vermont, has a rock of talcote slate, con- 
taining gold. 

SprakerU Batin, is on the Erie canal, 36 miles west 
of Schenectady. On the north side at the Mohawk, op- 
posite to the Basin, is a high ledge of Calciferbus sand- 
rock. It contains semi- opal, quarte crystals containing 
anthracite, agate, &c. 

Starch-FaetoryJCteek, has a fall fir* miles South of 
Utica, where the second Graywacke slate and ftfillfttone 
gnt meet in a manner which is very instructive. 

Stevent-Mitts, in the west part of Cbeytnans,in Albany 
county, presents an excellent view of -the layers of 3d 
Graywacke, containing layers of petrifactions. 

Strorttian bland, in Lake fifrie, contains the largest 
and most numerous crystals of any place hithtert* descri- 
bed, of sulphate of Btronttan. 

5t/tactrte,oti the Erie Canal, 61 miles tffest of tfrica, 
stahds on Saliferous rock, red, grey, slaty and sandy. 

Tmghcohh.uk Mt., atthe sotilhwest corner of MsfMv* 
chusetts. It is Talcose slate, with Settle veins of gfttfr» 
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ite ; and, in some places, an aggregate resembling' 
gneiss. 

Tioga Coal-beds, though bituminous, are in the same 
geological deposite with the anasphaltic coal of Carbon- 
dale. In several places they approach, very near each- 
other, and, probably, will be found to pass into each 
other. All these beds are in third Graywacke slate. 

Trenton Falls , 14 miles north of Utica, consist of 
shell Jimerock of the Transition class. The numerous 
petrifactions are the same as those of Sackets Harbor. 

Troy, N. Y., stands chiefly on Diluvion, surrounded oo 
all sides but west by Tertiary hills. The first graywacke, 
which is quarried here, is much traversed by calcspary 
and contains disseminations of anthracite. Argillite, 
often containing satin spar, is the underlaying rock ; and 
at the west ferry the rock is silicious slate. 

Utica is a city in Oneida county, N. York, about 90 
miles west of Albany, on the Mohawk. It is situated on 
second gray wacke slate. Erie canal runs through near 
the center of the city. 

Van Schaack's Place. This is merely an obscure tav- 
ern, on the road from Bethlehem Caverns to Pucker- 
street. But it is uecessary to refer the student to this 
place, on account of the numerous petrifactions to be 
found near it, in Corniferous Kmerock. It is between 
three and four miles northwest of Bethlehem Caverns. 
Several species of Cyathophy Hum are found near this 
tavern, particularly the C. helianthoides, &c. 

Westfield, Mass. Four miles west of the Academy is a 
locality of serpentine and talc, embraced in Gneiss. This 
is similar, in all respects, to a locality in Savoy, Mass., 
on the Mt. east of South Adams. These deposits have 
no connexion with Talcose slate or steatite. 
• West Point, in the Highlands, on the west side of the 
Hudson, has its Military Academy on Gneiss, with alter- 
nations of coarse beds of Graphic granite, and Horn- 
blende. These rocks are well described by Mather. 

West Rock, N. Haveo, Con., is basaltic and somewhat 
columnar. It is of the coarse kind and breaks naturally 
into good wall-stone. 
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Williamsburg, Mass., is remarkable for its pscudom- 
orphous quartz crystals, and its argentine. 

Williams town, Mass., embraces Gneiss, Talcose slate, 
Granular quartz v Granular limerock, sparry limerock* 
and Argillile. Also localities of Tertiary and Diluvial 
deposits. 

Worcester, Mass., has argillite in view on the east 
and west sides of the Tillage. Two miles east the Argil- 
lite embraces a thick vertical bed of anthracite. Tal- 
cose slate comes in contact with one of its sides, and 
Gneiss with the other. I traced this range of Argillite 
to Providence, by inferring its continuity from distant 
points of its appearance. Anthracite was found in a 
well in this rock in Providence. Newport, probably 
presents the same range. 

Zanesville, Ohio. . Coal formation same as at Carbon- 
dale, though bituminous. This appears from Granger's 
finding the Sphenopteris dubuissonis there, which is also 



found at Wilksbarre, &c. 

Remark. It was my intention, as I signified in an 
introductory article, to have selected from the labors of 
our geologists four fold the materials here presented. 
But after 1 had completed the preceding ^>arts of the 
Text-Book, I received notice, that a sixth edition of my 
Botany was called for ; which will occupy all my spare 
hours for the present. Most respectfully 1 solicit mate- 
rials from American Geologists, for extending this arti- 
cle in my next edition. I beg that they may be very 
^ particular, that I may select and digest in my own way. 

Note. — Since the above was in type, Mr. Mather has authorised me 
to add to the article. West Paint. Talcose slate, common and chlor- 
itic, run along the southeast base of the Highlands — Gneiss farther east. 
The Granular limerock of Canaan, Con., crosses the same southeast 
course in Danbury. Next, most perfect Porphyritic gneiss in Bethel 
and Redding. A. E. 
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LOCALITIES, AND DIRECTIONS FOR COL- 
LECTING ORGANIZED REMAINS. 

■ In the present state of Geological Science, every tiudtnt 
must personally examine rocks, £c. in place ; and must 
collect a suit of organized remains with his own hands. 
Without this exercise, no one's opinions are entitled to con- 
fidence. 

1. Begin in the Argil lite on the Champkin Canal, , 
between WateHbrd, N. York, and the Mohawk. Here 
examine closely for minute specimens of Flustra, Nutta- 
inia, Orthocera. fee. — also for vegetable impressions. 

2. Examine the Transition lime rock of Glenn's 
FaMs» N. Y. Here search for Lithodendron, Fongia, 
Calumet!*, Asaphns, Nuttainia, Encrinus, Colutnnaria, 
Turbinola, &c. 

3. Examine the second graywacke at Cold Spring, 
N. Y., for Brongniartia, Orthocera, &c. 

4. Examine Becraft's Mt. in Transition Hmerock 
and m Secondgray wacke, for Asnphtis> Orthocera, Fnn- 
gin 9 Cesctnopora> &c. 

6. Examine Bethlehem Caverns for Cyathophylldm, 
Alcyonia, Orthocera, Columbaria, Sarcinula, Gorgo- 
nm, Coicioopora, Productus, Echinus, &c. 

6. Examine in the western part of Coeymans (en- 
quire of Dr. Smith for particular localities) for the * 
Nuttainia sparsa, Flustra, &c, in a Wacke alternation 
with the upper side of Corniferous limerock. 

7. Examine Coral Cave for Columnaria, Encrinus, 

Ajlaphus, Afttrea, &c. 

.».*.. 

8. Pucker Street (three fourths of a mile east) Ex- 
amine for Bellerophon, and Terebratula oroides and 
perovalis. 
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Explanations of the plates. 

The following figures illustrate the organized remains, 
described from page 25 to page 44, inclusive. They 
are not systematically arranged ; but roust be referred 
to by their numbers with the pen. Before commencing 
the study of remains, let each student set the number 
against each specific name in the margin, which agrees 
with the number of the figure. Thus, at p. 36, set 5 in 
the margin against E. transversus, which begins the 
paragraph. A few corrections are here made, which 
1 am authorised to do by farther investigation, since the 
article organized remains was in print. 

Crinoidite family (Crinoidea articulata) p. 35. These 
figures represent such parts of the columns of Encrinites 
or Entrochites, as I have examined in place, in this 
district. Though the number is limited and imperfect, 
it may direct the attention of the student to this depart- 
ment of Nature's early works. Miller has demonstrated 
that these cylindrical and pentagonal relics are frag- 
ments of columns, composed of numerous articulated 
joints, which terminate in cup-like bodies, containing 
(when in life) the viscera of animals of thUf Zoophytic 
kind. Also that from the upper rim of each of these 
cup-form central bodies, five arms originate, which are 
divided into tentaculated fingers more or less numerous. 
The joints of which the columns are composed, resem- 
j. ble the vertebrae of the back bones of vertebrated ani- 
mate in several particulars ; and they seem to subserve 
the same general use. Miller calls these joints, otsicula. 

I have made an application of Miller's * names as far 
as I am able. But we rarely find the central body upon 
which he founds his descriptions. Therefore I retain 
our adjective specific names, and use the two old genera. 
Encrinus and Pentacrinus ; but 1 insert in parenthesis, 
what appear to be Miller's names as far as I can apply 
his descriptions, and figures of the columns. See p. 35. 

* The Natural History of Crinoidea by J. S. Miller, is a work of 
great merit j but it is very scarce in this country. Dr. S. Akerly of 
N. York, very kindly loaned me the only copy, I believe, in the North- 
ern States. 1 regret that the plan of this text-book will not admit of 
copious extracts. It contains 50 plates and more than 500 figures. 



1518 

Plate. 1. See pp. 36, 37. 

4. Encrinus curvatus. I find nothing in Miller, nor 
in any work in my possession, to which this can he re- 
ferred. It is probably new. Found at Glenn's Falls. It 
hears a remote resemblance to Miller's Encrinus monil- 
iformis in some parts of its column. 

5. Encrinus transversus (Poteriocrinitus crass us, 
Miller.) Found in Conybeare's encrinal limerock, 
turdseye marble, at Otsquago Creek, &c. 

II. E. transverus, variety multiradiatus. It is wrongly 
•described as a distinct species at p. 36. At the same 
jilace it is wrongly referred to 2d graywacke ; for the 
rock near Niskeuna, in which it is found, is first gray- 
wacke. Thus the same species is found in two of the 
transition rocks. 

6. E. tricyclus (Encrinitus moniliformis, Miller.) 
Found in third graywacke at Owego. 

7. E. equicyclus (Actinocrinitus laevis, Miller, in 
Fig. 15,16.) Whorls equal, thick and prominent. Found 
in Corniferous limerock at Bethlehem Caverns. Miller 
must have confounded two distinct species — this and my 
teretiformis. 

8. E. giganteus (Probably the E. ramosusof Scloth- 
eim.) Found in Saliferous rock at Oak-Orchard-Creek, 
on the Erie Canal, under all our basalt, and on Cats- 
kill Mt.,&c. 

9. E interrupt us (Actinocrinitus dactylis ? Miller, 
in pi. 6. Fig. 3, 9.) Found in Coral rag at Coral 
Cave. 

7>^^-y- 10. Pentacrinus fimbriatus (P. caput medusae, Mil- 

■ Ar'hi T*...d*~ ' cr *) « appears p. 55, that Miller was inclined to con- 

.*~- " ' *?•. . sider this a new species. Found in First Graywacke 

™ y '"'*'£. * near Niskeuna, not 2d. 

.jtA*,.) 7 " -• j2. Encrinus teretiformis (Actinocrinitus laevis, Mil- 

ler, Fig. 12. 34.) In Coral Cave. 1 think Miller must 
have confounded this with my equicyclus and his dactylis. 
1 Asaphus selenurus. This figure is too flat, and not 
well proportioned. 

2. Nuttainia concentrica. The dotted fillet of the 
left-hand figure is too high an arch and not wide enough ; 
it is better proportioned in the right-hand figure. The 
last figure represents it in its contractile state, as it is 
sometimes found in Waterford argillite. . 

3. Brongniartja carcinodea. 13. Flustra carba- 
seoides. 

14. Sarcinula ramosa. 15. Alcyoni a jungioides. 

16. Echinus gyr acanthus. The body is rarely found 
perfect ; but the whorls of the spines are decisive. It 
is found in the bluest kind of Corniferous limerock, and 
in an alternating graywacke rock, which lies upon the 
limerock, near Bethlehem Caves, and in Coeymans. 
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Plate 2. 

17. Asaphus hatismanmi. 

18. A caudatus. 

19. Calamena blumenbachii. 

20. Brongniartia platycephala. 

22. B isotelea. In this figure tbe animal is 

contracted, or one half folded upon the other. The 
B. carcinodea is found in the same situation. A living 
species, found at Cape Horn by Dr. Eights, which re- 
sembles the B. carcinodea, puts itself in the same posi- 
tion on being disturbed. 

21. Coscinofora sulcata. This figure is not intend- 
ed to give the form of the petrifaction. It gives a piece 
or patch from its surface, exhibiting, correctly, its 
checkered outside. The enlarged two squares exhibit 
the orbicular opening only in the lower square, and the 
rhomboidal inner opening in the upper square. We 
are supposed to see through the outermost covering 
where we see the inner rhomboidal opening. 
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Plate 3. 

23. Orthocera undulata. 

24. O annulata. 

25. O ■ conica. 

26. O striata. 

27. O circularis. 

28. O paradoxica. *' 

29. Cyathophyllum ceratite $. This is the most com- ,*£ 
mon of all the species, and well characterizes the Cor- .jsj 
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niferous limerock. -^ 

30. C -Jlexuosum. 

fin. Vftrv abundant near Van ' ,__ 



31. C helianthoides. Very abundant near Van 



Schaack's. This is the solitary kind. 

34. C hypocrateriformis* 

32 and 33. Turbinola mitrata. The Fig. 32 is an 
exhibition of the radiated or stellated disk. 
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Plate 4. 

35 & 36. Cyathophyllum vesiculosum. The 36 
represents a vertical section near the apex of 35. 

37. C. hexagonum. 

38. kelianthoides. Abundant near Van Schaack's. 
This 6gure represents the ends of the cespitose kind. 

39 & 40. Astrea porosa. The fig. 40 represents 
the outer sub-spherical side covered with little stars and 
some pores. The fig. 39 represents the inner side 
when broken. Both figures are only sectors of circles ; 
as the whole is sub-spherical. 

48. A. . stylopora. Both species found on the south 
shore of Lake Erie. This in the slate, and the other in 
the pyritous calcareous grit. It is all in the Oolitic 
series, without oolite. 

41. Cyathophyllum vermiculare. This figure is 
not accurate ; the transverse ridges are not deep enough. 
It should appear as if larger and smaller pieces were 
joined, where the shaded ridges are. It is rather larger 
than we generally find this species ; and not sufficiently 
jointed in appearance. 

42. Diploctenium pluma. 

43. Lithodendron dichotomum. Numerous such 
branches are often found with interlocking limbs. 

44 & 45. Columnaria alveolata. I am not sure but 
this may be a variety of the Calamopora alveolaris of 
Goldfuss. In truth I have not yet been able to settle 
the distinctions between these two and the Calamopora 
favosa (which latter we usually call Favosite), among 
our specimens. This fig. represents a segment from the 
side of a circular specimen. The fig. 45 represents 
the stellate termination of the tubes. It is by these that 
students must settle the characters of these apparently 
similar petrifactions. 

46. Gorgon i a infundibiliformis, 

47. G. ripisteria. Both figures are too stiffly circu- 
lar. Goldfuss has given a second figure of No. 16, and 
further explanations, in his second number. 
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Plate 5. 

50. Bellerophon cornu-arietis. We have two spe- 
cies not figured ; but they are easily determined by the 
descriptions after seeing one! 

51. Column aria sulcata. The C. intermedia is 
easily distinguished after seeing the sulcata, without a 
figure. 

52. Madrepora liinbata. I am not sure but this 
may be an Astrea. 

53. Catenipora escharoides. 54. Retepora dis- 
ticha — magnified. 

55 & 56. Fungia discoidea. The fig. 55 is the fiat 
upper side, and the 56 is the convex under side. Both 
are sectors of circles. 

61 & 62.- F. polymorpha. The fig. 62 is a trunca- 
ted sector from the upper convex side, and the 61 is the 
'whole flattish under side. 

59 k 60. Coscinopora macropora. The fig. 59 is 
part of an irregular surface, and 60 represents three 
pores magnified. 

63. Syringopora verticillata, 66. Cyathophyl- 
lum quadrigeninum. 

57 & 58. Sarcinula micropthalma. The fig. 58 
represents the stellated ends of the tubes. The tubes 
in this figure are too stiffly cylindrical. In this respect 
they are intermediate between those represented here, 
and those better drawn on Plate 1, fig. 14, for the S. 
ramosa. 

64 & 65. Coscinopora infundibiliformis. The fig. 
64 represents the rhomboidal and small circular pores, 
enlarged. This figure was drawn from an excellent 
specimen, four inches across ; but want of room has 
rendered the figure too stiff. 

67. Nautilus imperialis. Outside shell well pre- 
served ; also exhibiting the inside in part, which is 
green-sand. 

68. Same, it is wholly a natural inner casting of 
green sand. Both were found in the New Jersey tertiary, 
into which the chalk formation is often protruded. The 
green-sand, or chloritic chalk, only, is ever found em- 
braced in, or alternating with, the tertiary clay. It is 
never found in the sand, excepting where there is con- 
clusive evidence of modern, or diluvial, displacement of 
the sand. 
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Analysis of soils 102 105 

Anomalous deposits 85 
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Quarry stones 106 108 

Radiata 35 
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Do. primitive 68 

Do. transition 72 

Do. lower secondary 76 

Do. upper secondary 79/ 

Do. tertiary 81 

Do. subordinate 82 

Subordinates explained 66 67 

Synoptical 6gures 63 

Trilobites 30 

Tubiporites 40 

Weight of the Earth is about six thousand million 
of millions of millions of tons, or more accu- 
rately 5,920,000,000,000,000,000,000. 
Its specific gravity 5 9 

York, New, Geological map of. It is now folded in a 
case and sold separately. It was corrected, on the 15th 
of May 1832. so as to present all the improvements set 
forth in this edition. To the explanations on the map it 
may be added, that No. 1 of the Carboniferous forma- 
tion should be a lighter slate color than the other num- 
bers ; it being the primitive, this distinction is import- 
ant. 






V :' 



l»|B|- 



3 » ■■■■ 
*. f ■ I'll . 




S50.EM 

°"*«« "»-!««*. fc,^ '' 



3 610S 032 199 015 



II 



I 



WR ? 1 »R4 



Stanford University Library 

Stanford, California 

In order that others may use this book, 
please return it as soon as possible, but 
not later than the date due. 



